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Recent advancements in virtual environment (VE) technology and the growth of VE use 
in treating and training individuals are opening up new possibilities for rehearsal in safe 
and rich environments. Research has shown that VEs can be used to treat those with Post 
Traumatic Stress Disorder (PTSD), but very little research has been done to suggest good 
guidelines for creating an effective environment. This research was conducted to help 
inform the design of systems that let veterans rehearse potentially stressful experiences in 
a safe environment before having to physically step into that environment. We 
investigated responses to specific design components of a VE to aid in the development 
of systems that are effective for the military veteran participant. We evaluated the 
response to six stimuli as suggested and two types of system perspectives: first and third. 
Measures used included participant behavior, subjective unit of discomfort (SUD), and 
physiological responses including heart rate, heart rate variability, and respiration rate.  
The most effective system for veterans with PTSD should include an initial set of stimuli 
that can be configured to allow focus on specific traumas experienced by the individual, 
perhaps with the ability to vary stimulus intensity. These stimuli should include both a 
crowded room and startle noise scenario. A first person perspective with a head mounted 
display is the preferred design except in cases of individuals with previous motion 




VE before being exposed in a rehearsal setting.  Results indicated that heart rate response 
is significantly different in those with PTSD than those who do not have PTSD, and SUD 
score change in those with PTSD provides useful information about the individual's 
reaction to each of the stimuli. Individuals with PTSD will also exhibit behaviors, such as 
avoidance of a stimulus, in VEs. Findings of this study imply that VEs other than virtual 
combat zones can elicit behavioral, emotional and physiological responses in those with 
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 I was surrounded. Try as I might, I could not escape. Again and again I tried, but 
it was to no avail. Minutes later, I became aware of my increased heart rate and the stress 
in my body. I began to realize that there was nothing fun about the situation. Ten minutes 
later I put down the controller, exhausted and frustrated. My virtual environment, also 
known as a video game called Resident Evil, had become a stressor rather than a source 
of entertainment. The character was almost impossible to control with the gamepad. The 
slumping of the character’s body as the enemy took the life from her caused a very real 
emotional response. I tried repeatedly to save the character, but the outcome was the 
same every time: loss of control, capture, stress. That was fifteen years ago, and I 
remember it well. Can a virtual environment create stress in an individual? Absolutely! 
What if we could use the stress created in a safe environment to teach someone how to 
cope with stress in the real world?  
 We have come a long way from the text based virtual worlds of the 70s. While 
many technological changes have occurred, our need to interact with our environment to 
learn has not.  Whether sitting behind a simulated cockpit display or flying high above 
the earth, the thing that is always present is who we are: our knowledge, our experiences, 
and our choices. Practice does not equal perfection, but it does build confidence and 
proficiency. Technological advances have enabled us to hone our skills in a safe 
environment so that we may transfer them to the real world to increase our chance of 
success. One added benefit of these virtual environments is our ability to control the 
situation, or, more specifically, the actions of the objects in that environment. This allows 




individual is of extreme importance when that individual is having issues coping with 
everyday tasks. Not only can a virtual environment allow a therapist to focus on the 
person, but it also allows the therapist to tailor the environment and scenario to one that 
will provide maximum benefit to the distressed individual. This characteristic of VEs is 
proving to be useful in the world of psychology. From aiding in diagnosis to augmenting 
treatment, virtual reality (VR) is beginning to play a very real part in helping individuals 
learn to cope with disorders ranging from fear of flying to post-traumatic stress disorder 
(PTSD).  
 Advances in technology continue at a rapid pace that not only improve the user 
experience but also decrease the cost. Early studies in the area of VR and PTSD consisted 
of low-resolution displays and still showed promise toward helping those with PTSD 
(Krijn, Emmelkamp, Olafsson, & Biemond, 2004). These studies were limited in number 
partly due to the prohibitive costs of the equipment involved. Recent advancements are 
making VR devices much more accessible at a much higher fidelity and significantly 
lower cost (Wiltz, 2013). Physiological monitoring devices have also become easily 
obtainable and highly accurate as well. With these issues resolved, the questions we have 
left to answer are how do we design a constructive environment, and what useful data can 
that environment provide to help those who need it? Before the technology can be used to 
support individuals and/or therapists, it is important to determine how to create an 
environment that will elicit predictable responses. My research focuses on developing 
requirements for creating environments that can provide measurable human responses 




military veterans who have experienced a traumatic event and may be exhibiting 
symptoms of PTSD.  
1.1. PTSD 
 Stressful scenarios and the accompanying emotional responses are a part 
of everyday life. For individuals who have experienced traumatic situations, everyday 
tasks can evoke significant stress. In 1980, PTSD was officially introduced into the 
American Psychiatric Association’s Diagnostic and Statistical Manual of Mental 
Disorders (American Psychiatric Association, 1980).  The National Institutes of Health 
(2009) estimates that approximately 7.7 million American adults are affected by PTSD. 
The United States Department of Veterans Affairs (VA) estimates the following PTSD 
rates for our nation’s veterans: 30.9% for men and 26.9% for women for Vietnam 
Veterans, 10% of Gulf War veterans, and 13.8% among Afghanistan and Iraqi war 
veterans (Gradus, 2014). Many of the symptoms of PTSD are a normal reaction to a 
traumatic experience that generally decrease over time (Rizzo, Reger, Gahm, Difede, & 
Rothbaum, 2009). When these symptoms fail to abate, it becomes a disorder.  To be 
considered PTSD, an individual’s symptoms must last longer than one month, and PTSD 
generally occurs within three months of the experience. In some individuals it has taken 
up to a year to manifest (National Institutes of Health, 2009).  According to Bonanno and 
Mancini (2008), PTSD occurs in 5% to 10% of individuals who have a significant 
traumatic experience, and that percentage can increase when the experience is prolonged 
or extremely severe. An individual’s continual re-experiencing of symptoms is the mind 




Both psychological and biological changes are often found to occur in those 
suffering from PTSD.  It is often accompanied by depression and problems with memory. 
Symptoms include physical responses such as headaches, heart palpitations, changes in 
sleep patterns and appetite, and heightened startle reflex.  Behavioral responses include 
increased shame, anger, fear and/or isolation (National Council for Behavior Health, 
2012). Biological changes include a smaller hippocampus, overactive amygdala, and an 
under reactive frontal cortex.  
Shvil, Rusch, Sillivan and Neria reviewed studies on PTSD markers between 
January 2010 and December 2012 and reported on neural, behavioral, and 
psychophysiological markers of PTSD (2013). Neural markers include a hyperactive 
amygdala, dorsal anterior cingulate cortex, and insula, and lower activation of emotion-
regulation regions. Behavior marker studies have focused primarily on attention bias 
toward threat-related stimuli. Studies have shown that, when compared with a control 
group of those without PTSD, those with PTSD are unable to disengage from emotionally 
negative stimuli. The physiological responses used in recent studies generally focus on 
heart rate and variability, skin conductance, and/or facial electromyography. Individuals 
with PTSD tend to have a higher resting heart rate than those without (Pole, 2007). Heart 
rate variability also tends to be lower in those with PTSD both at rest and when presented 
with emotional stimuli (Hauschildt, Peters, Moritz, & Jelinek, 2011). One of the more 
intriguing results is the lack of orienting response in those with PTSD when aversive 
images are shown (Shvil, Rusch, Sullivan, & Neria, 2013). For example, in an individual 




heart rate response decreased after multiple exposures). This was not the case for those 
with PTSD. 
The Diagnostic and Statistical Manual of Mental Disorders version 5 (DSM-5) 
was released in May 2013 with updated criteria on PTSD. The stipulated criteria for 
classifying individuals with this disorder include 
• Qualifying events (exposure to actual or threatened traumatic 
experiences),  
• Intrusion or re-experiencing of symptoms,  
• Avoidant symptoms,  
• Negative alterations in mood or cognitions,  
• Increased arousal symptoms,  
• Duration of symptoms (greater than one month),  
• Functional impairment, and 
• And exclusion of other factors such as medication and substance abuse 
(National Center for PTSD, 2013).   
  
The Veterans Administration (VA) uses multiple assessment methods based on 
DSM-5 in diagnosing PTSD. These assessment tools created by the National Center for 
PTSD include the Clinician-Administered PTSD Scale (CAPS) and the PTSD Checklist 
(PCL). The gold standard for PTSD assessment for VA is a thirty-item evaluation called 
CAPS given to an individual by a clinician. It can evaluate PTSD symptoms over the past 
week, month, or year. CAPS takes forty to sixty-five minutes to administer (Weathers et 
al., 2014). The PCL is a self-report assessment which measurements PTSD severity and 
symptoms. It is a twenty-question measure, each question is answered using a 5-point 
scale, and the time period covered is one month (Weathers et al., 2013). The PCL-5, 
which is the latest addition of the PCL based on DSM-5, has been found to be a 
psychometrically sound measure of PTSD symptoms. Cut-off scores on the PCL vary 




of specific cut-off scores for those returning from combat (Blevins, Weathers, Davis, 
Witte, & Domino, 2015).  
 A cognitive model of PTSD created by Ehlers and Clark (shown in Figure 1) has 
been supported by both dissemination studies as well as randomized controlled trial 
studies (Stopa, 2009). This model suggests that PTSD symptoms persist because an 
individual processes either external events (cues in the world around them) or internal 
events (self-worth, shame) as a current threat due their negative appraisal of a past 
traumatic event. This perceived current threat impairs the individual’s ability to make 
cognitive changes that will allow them to cope with the event (Ehlers & Clark, 2000).  
 
Figure 1 PTSD model Created by Ehlers and Clark (2000) 
Re-experiencing of the event is often caused by triggers that have a temporal association 
to the event rather than a semantic one. Examples include 
• Physical cues (e.g. the shape of a person) 
• Spatial cues 
• Smells 




• Similar emotional states (e.g. feeling helpless or trapped)  
• Internal cues (touch on a certain part of the body, proprioceptive feedback 
from one's own movements or posture) 
 
The re-experiencing of events is primarily visual in nature and often described as viewing 
a filmstrip (Ehlers & Steil, 1995).  
 Current therapies include exposure therapy, cognitive behavior therapy, 
medications (National Institute of Mental Health, 2010), support groups, Eye Movement 
Desensitization and Reprocessing (EMDR), and “telling your story” (National Center for 
PTSD, 2011). Recently, VR has been studied as a possible treatment augmentation and is 
even being used to help treat those with PTSD. 
1.2. PTSD and Virtual Environments 
 Research has reported that VEs have been successfully used to help treat multiple 
anxiety disorders including the fear of heights, the fear of flying, and PTSD (Krijn, 
Emmelkamp, Olafsson, & Biemond, 2004). In PTSD treatment using virtual 
environments, many experiments use the traditional therapy approach and incorporate the 
VE during the exposure portion of therapy. Treatment often includes  
• information gathering which includes discussion of the traumatic event, 
• training which consists of an explanation of PTSD and related symptoms, coping 
and relaxation techniques, and training on the VE itself,  
• therapist controlled gradual exposure in the VE, 
• and discussion with a therapist.  
Therapy generally includes multiple sessions. VR therapy research is in its early stages 
and has been showing promise as an effective means of treatment (NIMH, 2010). One of 




conducted with Vietnam veterans in 2001. In this trial, nine Vietnam combat veterans 
who were diagnosed with PTSD completed treatment which included VRET and reported 
15% to 67% reduction in symptom (Rothbaum, Hodges, Ready, Graap, & Alarcon, 
2001). The next study regarding PTSD symptoms and VE was completed in 2007 and 
addressed PTSD experienced by disaster workers present during the 911 attacks (Difede 
et al., 2007). Symptoms reduction in those who participated in the VE therapy ranged 
from 25% to 90%. More recently both Loucks et al. (2019) and Rizzo et al. (Bowles & 
Bartone, 2017) found that VRET reduced the number of participants meeting PTSD 
criteria with multiple VRET sessions.  Over sixty locations from VA hospitals to 
universities are currently using a VE called Virtual Iraq for PTSD treatment (University 
of Southern California, 2013). Researchers continue to study the effectiveness of VE 
combined with traditional therapy for those affected by PTSD. In May 2018, the 
University of Central Florida’s RESTORES Clinic received a $10 million grant to expand 
their work on PTSD treatment using virtual environments (Kotala, 2018). 
 Virtual environments are also being used to aid in diagnosing psychiatric 
symptoms. Freeman et al. conducted a study in which a virtual train ride was used to help 
aid in detection of paranoia and PTSD in people who had been physically assaulted four 
weeks prior (2014). Each participant was asked whether neutral expression avatars 
elicited feelings of paranoia and these results were used to predict the severity of paranoia 
and PTSD six months later. This research found that results from the virtual environment 
experiment correlated to severity of the symptoms for paranoia and PTSD. Roy et al. 
conducted a study to determine if a fear conditioning task in a virtual environment could 




returning from deployment (2013). Participants with high symptoms had a more 
significant heart rate response to a Virtual Iraq environment with fear conditioning tasks 
than those with low symptoms. This shows promise that a virtual environment can help 
diagnose those with subthreshold PTSD, which could allow psychologists to intervene 
and decrease the number of subthreshold cases before they become full symptom PTSD. 
Webb et al. (2013) found that virtual environment stimuli paired with physiological 
monitoring (heart rate, skin conductance, and respiration) can aid in differentiating 
between those with and without PTSD. This study also showed that the three groups of 
participants (those with no trauma, those with trauma and those with PTSD) had 
physiological responses to the virtual environment. Based on a literature review of 
previous research, it appears VR has been primarily studied for the exposure therapy 
portion of PTSD treatment. The individual is placed back into a combat zone or in a 
traumatic event that has them relive the traumatic and often violent event. For a list of 




Table 1 Compiled List of Previously Published VE / PTSD Studies 
Reference 
Perspe
ctive Metric(s) Scenario 
Rothbaum, B. O., Hodges, L., Alarcon, R., Ready, D., Shahar, F., Graap, K., ... & 
Baltzell, D. (1999). Virtual reality exposure therapy for PTSD Vietnam veterans: A 
case study. Journal of Traumatic Stress: Official Publication of The International 
Society for Traumatic Stress Studies, 12(2), 263-271. 1st CAPS, CES, BDI, IES Vietnam 
Rothbaum, B. O., Hodges, L. F., Ready, D., Graap, K., & Alarcon, R. D. (2001). 
Virtual reality exposure therapy for Vietnam veterans with posttraumatic stress 
disorder. The Journal of Clinical Psychiatry, 62(8), 617-22. 1st 
CAPS, SCID, SUDS, 
BDI, IES, CES, CGI-I, 
PGI-I Vietnam 
Rothbaum, B. O., Ruef, A. M., Litz, B. T., Han, H., & Hodges, L. (2004). Virtual 
reality exposure therapy of combat-related PTSD: A case study using 
psychophysiological indicators of outcome. Advances in the treatment of 
posttraumatic stress disorder: Cognitive-behavioral Perspectives, 93-112. 1st 
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 Presence in a virtual environment is often referred to as “being there” in 
the VE. As early as 1998, researchers began to question how real a virtual environment 
felt to a user. Witmer and Singer developed an initial questionnaire to determine a user’s 
level of presence and many others have developed more questionnaires over the years. 
There has been some debate regarding the best way to determine a user’s sense of 
presence, but ultimately the answer of whether or not a user feels presence lies within the 
individual using the system.  Multiple studies have shown that increased performance and 
sense of presence have a weak if non-existent relationship on task performance in a VE 
(Rose & Chen*, 2018; Slater, 1999; Witmer & Singer, 1998).  That said, Foa and Kozak 
(1986) suggest that the individual’s fear structure must be activated during therapy in 
order for treatment of chronic PTSD to be successful. Patients are eight times more likely 
to achieve successful results when emotionally engaged in the therapy (Difede et al., 
2007). Emotional engagement is marked by changes in the visceral motor system, also 
known as the autonomic system, which include increased or decreased heart rate, 
cutaneous blood flow, goosebumps, sweating, and muscular activity within the digestive 
system (Purves et al., 2012). Meehan, Insko, Whitton, & Brooks have shown that 
presence can be reliability measured using physiological responses (2001). While a 
higher level of presence might not be necessary for increased task performance, it is 
likely necessary for a physiological response from an individual as well as for the 
emotional engagement required for PTSD treatment.    
 There are both hardware and software considerations when creating an 




the feeling of presence and anger in a virtual anger-promoting scenario as compared to 
flat screen displays (Miyahira, Folen, Stetz, Rizzo, & Kawasaki, 2010). Frame rate and 
the introduction of passive haptic feedback also has an impact on user presence (Meehan 
et al., 2001). Body movement during task accomplishment (Slater, Steed, McCarthy, & 
Maringelli, 1998) and inclusion of a visible arm during simulation also increase sense of 
presence (Slater, Usoh, & Steed, 1994). Nausea within a virtual environment has been 
found to decrease a user’s sense of presence (Riches, Elghany, Garety, Rus-Calafell, & 
Valmaggia, 2019). These and possibly other system design details must be taken into 
account when creating the virtual environment as they can have significant impact on the 
user’s experience and response which would affect experimental outcomes. 
1.4. Virtual Environments and Training 
 Virtual environments are being used increasingly to prepare an individual to work 
in a multitude of environments ranging from the cockpit to the operating room. A recent 
study focusing on the use of VE for sports training in stressful situations found that 
individuals do experience significantly increased anxiety in a virtual environment 
(Stinson & Bowman, 2014). This study did not, however, determine if VE sports training 
with high-stress scenarios would lead to increased performance in a real world high-stress 
situation. There have been studies on the effect of VE training on real world performance. 
Seymour et al. (2002) conducted a study to determine whether simulated surgery in a 
virtual environment would translate into better performance by surgeons during an actual 
procedure. They found that VE training led to fewer errors and faster performance.  
 Researchers are also beginning to use VEs to train social and coping skills. Young 




functioning after ten sessions over five weeks using a virtual training environment 
(Kandalaft, Didehbani, Krawczyk, Allen, & Chapman, 2013). Virtual reality training is 
also being used in children with hyperactivity disorder (Anton, Opris, Dobrean, David, & 
Rizzo, 2009). and in vocational training for individuals with schizophrenia (Tsang & 
Man, 2013). The Stress Resilience in Virtual Environments (STRIVE) program was one 
of the first programs to combine resilience training with simulated environments to help 
soldiers recover from traumatic events when they inevitably arise during war (Rizzo et 
al., 2012). Experiments with STRIVE are still in the early stages and do not appear to be 
available in peer reviewed publications. Army Research Laboratory is beginning to use 
simulation for stress inoculation training to prepare combat medics for the battlefield 
(Tsang & Man, 2013). Results in the cognitive domain have been promising as the use of 
VEs and technology continue to grow.  
1.5. The Need 
 While virtual environments have shown promise in treatment and training with 
varying degrees of success, many aspects of system design have not been sufficiently 
studied. Training environments attempt to mimic the real-world scenario for the task at 
hand, and environments used for PTSD treatment often recreate the scenario where a 
traumatic event occurred (i.e. virtual Iraq). Experiments using everyday scenarios where 
people may be affected via an unknown stimulus are lacking.  It is these everyday events 
that are triggering those suffering from PTSD when they return home. It is also the case 
that some with PTSD are unwilling to be placed in a virtual war environment and are 
more open to being placed in a non-combat scenario. The lack of focus on system design 




 It is difficult to know which events will impact which individuals, but some 
studies have focused on specific occurrences that cause a response in both the real and 
virtual world. These types of events, and possibly others, could be incorporated into a 
virtual environment to aid in training coping mechanisms. In addition to developing the 
correct scenarios for training coping skills, the type of displays and the way the 
information is presented is important.  As described previously, a head mounted display 
may provide more sense of presence compared to a desktop computer screen. In many 
studies, first person view using a head mounted display is arbitrarily chosen most likely 
due to probably increase in the user’s perception of presence. First person perspective 
(i.e. viewing the environment through the user’s eyes) has been shown to increase the 
feeling of presence in virtual environments (Denisova & Cairns, 2015). First person 
perspective has also been shown to increase the incidence of nausea (Monteiro et al., 
2018). A system designed in third person perspective could possibly reduce the incidence 
of cyber sickness and also significantly reduce system cost if a monitor could be utilized. 
Could third person perspective still be effective enough to use in PTSD treatment? Could 
it be used effectively with those who have simulation sickness predispositions? These 
questions have not yet been answered.  
1.6. Research Contributions 
 This study focuses on responses to specific major design components of virtual 
environments to aid in developing systems that are the most effective for the military 
veteran participant. It recommends guidelines for creating VEs to help veterans with 
PTSD. We evaluated participants’ responses to six stimuli as suggested by those with 




conflict, direct eye contact and horizontal movement across a visual field. More details 
on stimuli selection are discussed in Section 2.2. We investigated whether perspective 
plays a role with regard to design and what role sense of presence plays for those with 
PTSD. The following hypotheses are proposed: 
1) The interaction between PTSD and stimuli will be an ordinal interaction where 
participants with PTSD will have higher Heart Rate, Respiration Rate, SUD 
Score, and lower Heart Rate Variability. 
2) Participants with PTSD will have a greater response in Heart Rate, Respiration 
Rate, SUD Score, and lower Heart Rate Variability than those who do not have 
PTSD.  
3) Stimuli type has an effect on Heart Rate, Heart Rate Variability, Respiration Rate, 
and SUD Score. 
4) There is a significant correlation between SUD score and Heart Rate, Heart Rate 
Variability and Respiration Rate.  
5) Behavior will be affected by both PTSD status and stimuli type. 
6) Participants will have a higher sense of presence in first person than third person. 
7) There will be a significant interaction between Stimuli and Perspective with 
participants who have PTSD. 
This research is an initial building block in designing systems that can help veterans with 
PTSD navigate college life at Wright State or any college. It will help inform how to 
create a system that lets veterans rehearse in a safe environment before having to 




therapists in teaching coping mechanisms that veterans could utilize when faced with real 
world challenges.
2. Materials and Methods 
2.1. Equipment 
 2.1.1. Hardware. Study hardware equipment includes an Oculus Rift headset, 
Oculus Touch controllers, three Oculus sensors for 360 degree coverage, a laptop (Prostar 
P650HS-G with NVIDIA GeForce GTX 1070), a Bitalino (r)evolution physiological 
monitoring kit with chest respiration strap and three lead electrocardiogram (ECG) with 
disposable pre-gelled electrodes, a chair capable of rotation, and a rig designed to 
suspend the Oculus cable over the participant’s head so he/she could rotate freely. Images 
of the equipment are located in Appendix C.  The high-level architecture design is shown 
in Figure 2. 
 
Figure 2 IRISE System Architecture 
Initial requirements were to create a hardware package that had a total system cost less 
than $5000 and was mobile. This helped to guide hardware decisions. Table 2 shows the 




GTX 1070 due to the low cost compared to other mobile systems that had video cards 
capable of running the Oculus Rift. An additional Bluetooth dongle was utilized as 
onboard Bluetooth was found lacking for physiological data collection at the necessary 
rate. Pre-study, I used two Oculus sensors but added a third for the actual experiment 
when I determined it was necessary to use a rotating chair to decrease the chances of 
participant nausea in first person. The third sensor allowed 360-degree tracking which 
was needed as the participant rotated to navigate in the environment.  Most first person 
games use a “teleport” form of navigation to avoid nausea, but the teleport mode of travel 
would not allow participants to walk throughout the environment as they would in the 
real world, nor would it allow them to walk past stimuli. The chair I selected had a back 
for user comfort and stability and was high enough that the participant did not feel the 
dissonance that could be caused by making direct eye contact with a virtual actor while 
seated. The Bitalino Physiological Status Monitoring (PSM) device was selected due to 
its cost, size, and reliability compared to larger, clinical systems (da Silva et al., 2015). 
The system was designed to be portable and is capable of being used easily at different 
locations assuming space is adequate, and power is available (see Figure 3). 
Table 2 IRISE System Costs 
Item Cost 
Prostar Computer $1700 
Oculus Rift and Touch $700 
Oculus Sensor $60 
Bitalino Kit $395 
USB Hub $50 
Chair $100 
Bluetooth Dongle $25 






The environmental temperature was approximately 68 degrees Fahrenheit during 
the duration of the experiment. Before each participant was run, I calibrated the Oculus 
sensors, controllers and headset to ensure proper tracking.  
 
Figure 3 IRISE System 
 2.1.2. Software. Study software included the Unity Real-Time 3D Development 
Platform (version 5.0) to create and simulate a tranquil garden for participant training and 
baseline gathering and the first floor of the Student Success Building with simulations of 
other students and equipment that would be found in a normal college environment. 
Bitalino physiological data were collected at 100Hz through Unity and both waypoint and 
physiological data were stored in a Postgres SQL database. A timestamp was recorded 
with each waypoint table entry and physiological data table entry into the database so that 





 I created the tranquil garden with Unity and assets from the Unity Asset Store. 
The first floor of the Student Success Building was created by Designing Digitally, Inc. 
using Maya. I designed the majority of virtual actors using Adobe Fuse and then used 
Mixamo for character rigging and animation. The virtual actor used in the speaking / 
direct eye contact sequence was an exception as he was rigged by Plas.md using Maya 
which I then animated using the FaceFX software package. I created the virtual actors in 
the auditorium using a Unity asset designed to create a crowd of people who were 
capable of moving as if speaking. I also incorporated the waypoint system into the 
project. Matthew Ewer served as my software technical expert and did the majority of the 
Bitalino and database work to send the information to Postgres SQL, upgraded the entire 
project to a newer version of Unity (from 4 to 5), and created the Unity third person view 
for the second experiment. For the third person perspective, a virtual actor (Ethan) that is 
a standard asset in Unity was utilized.  The participant is placed in a virtual room where 
he/she views a large virtual screen and controls the actor’s movement through the 
environment with a joystick on the Oculus touch controller.  
There were multiple human factors considerations taken into account in the 
system. I took care in creating the virtual actors to ensure different sizes, skin tones, and 
sexes were represented in the VE. Within Unity, Oculus touch controllers allow the 
display of avatar hands which closely match the position of the participant’s hands. This 





Figure 4 Avatar Hands in First Person (Left) and Third Person (Right) 
While the participant was in the VE, the observer could see the participant’s view on the 
computer monitor. Mr. Ewer added a data collection indicator to ensure the data were 
being captured during the run (see Figure 5).  
 
Figure 5 Observer's View - Data Collection Active (Upper Left Corner) 
An arrow was included in the simulation to assist participant navigation along the route to 





Figure 6 Navigation Arrow for Task Completion 
In a pilot run, I noted that navigation frustration was a possibility, so I made additions to 
the software to keep frustrations and cognitive burden related to navigation as low as 
possible. This included using actors and objects to block certain paths as well as 
numbering classrooms and providing those numbers to the participants at the specified 
times during the scenario (see Figure 7). 
  





The six stimuli were selected based on feedback from veterans, previous studies 
on PTSD, and current PTSD treatments. Pole (2007) found that there is an increased 
startle reflex (sound) for those with PTSD. Across, 12 published studies, there is evidence 
that those with PTSD have increased startle response compared to those who do not have 
PTSD (Orr & Roth, 2000). For this reason, I chose one of the stimuli to be a loud, 
unexpected sound.   
Steuwe et al. (2014) found that those with PTSD had increased physical responses 
(when compared to a control group) to direct eye contact in a virtual environment so in 
one room of the IRISE virtual environment,  the participant is spoken to directly by a 
virtual actor (Eddie). This particular stimulus creation proved difficult on multiple levels. 
For the virtual actor to speak, it was necessary to have an actor that had facial rigging 
which was then posed in Maya for multiple phoneme lip poses. A sound file was then 
recorded. After successful completion of these items, the sound file, sound text file, and 
virtual actor were imported into FaceFX. After creation of an .FBX file for Unity using 
FaceFX, it was then necessary to then have the virtual actor’s eyes follow the camera 
after the participant crossed a waypoint to mimic direct eye contact which had to be 
programmed within Unity.  The sound file was then synced with the animation file upon 
crossing the waypoint. 
Current research suggests that there is a link between PTSD and eye movement. 
EMDR has shown promise as a treatment method for PTSD (Rodriguez, 2013). During a 
presentation at my place of employment very early on in my PhD work, one of my 




stimulus in this vein be introduced. This was the impetus for the acceleration across the 
visual field stimulus.  
Early in the process, a session was held with combat veterans at the Freedom 
Center at the Dayton VA. During the session, the panel of veterans suggested social 
stressors such as negative interactions between individuals and crowded rooms could 
elicit responses from those with PTSD. Shvil, Rusch, Sullivan, and Neria found that those 
with PTSD have the inability to disengage from emotionally negative stimuli (2013). 
This combined with the feedback from the combat veterans led to the creation of a group 
of students arguing as another stimulus within the environment. Wilson and Keene 
(2004) found that those suffering from PTSD have a hyper sensitivity to threat. This 
research combined with the panel’s suggestion regarding crowded rooms led to the 
creation of a crowded room stimulus that the participant would have to enter. After 
meeting with Dr. Charles Levy, the Chief of Physical Medicine and Rehabilitation 
Service at the North Florida/South Georgia Veterans Health System and being introduced 
to his virtual system designed with a focus on PTSD, I also included having the 
participant speak aloud to the virtual actors in front of the crowded room.    
The hypersensitivity to threat research along with multiple sessions I led with 
combat veterans who had encountered improvised explosive devices while deployed were 
the basis of the idea to have a visual incongruity within the environment as a stimulus. 
The stimuli for experiment 1 are shown in Table 3. 
Table 3 Experiment 1 Stimuli 
Stimuli Scenario 
Sound In room a door slams while the participant 




Visual Incongruity  In hallway there is an abandoned bag on 
floor. As the participant nears the bag, he 
can hear a ticking (bag contains a 
metronome that belongs to a student who 
just finished music class). 
Object Acceleration in Visual Field In the hallway a ball rolls quickly across 
the visual field of the participant. 
Eye Contact In a classroom a student asks the 
participant a question as he/she 
approaches. 
Social Stress In classroom students are having a 
discussion. As the participant approaches 
the students, the discussion becomes 
heated and arguing begins. 
Crowded Room In crowded auditorium with the hum of 
people speaking, the participant has to 
approach the front of the auditorium to tell 
the room to quiet down. 
 
The stimuli for the second experiment were selected based on results from the first 
experiment and are shown in Table 4. The selection for these stimuli is discussed in more 
detail in the Discussion Section. 
Table 4 Experiment 2 Stimuli 
Stimuli Scenario 
Sound In a classroom, a book falls to the floor 
Visual Incongruity  In a classroom, an abandoned military 
clothing article has a cell phone under it 
and a ringing sound emanating from it. 
Object Acceleration in Visual Field In the hallway a ball rolls quickly across 
the visual field of the participant. 
Crowded Room In crowded auditorium with the hum of 
people speaking, the participant’s virtual 
actor has to approach the front of the 






The data collected during this study included heart rate (HR), heart rate variability 
(HRV), respiration rate (RR), SUD score, and behavior. I chose heart rate because it is 
well and easily understood, easily measured, and its increase has been correlated many 
times with reactions to stress. Recent research has also shown that HRV might be a more 
sensitive measure to stressors in those with PTSD (Fonkoue et al., 2018). Heart rate and 
heart rate variability (specifically the root mean square of successive differences between 
normal heartbeats known as RMSSD) data were recorded at 100 Hz using three-lead 
electrocardiogram (ECG) Bitalino (r)evolution PSM device. Pre-stimulus heart data were 
collected during the garden baseline scene where the participant explored the VE and 
then that data were compared to post-stimulus data in the same individual to create a 
stimulus delta. Drug use and heart disease can have a significant effect on heart rate 
(Jennings et al., 1981) and responsivity so any positive response to these questions in the 
demographics questionnaire were considered in the heart rate analysis. Questions 
regarding caffeine, tobacco, and alcohol use were also asked as they can have an impact 
on the cardiac system. Individuals with pacemakers were excluded from the study. 
Respiration rate was also recorded in breaths per minute using the Bitalino PSM device 
and a respiration rate strap. I chose respiration rate because it, too, is well and easily 
understood and has previously shown an increase under conditions of stress (Grossman, 
1983). Pre-stimulus respiration rate data were collected during the garden baseline scene 
where the participant explored the VE and then that data were compared to post-stimulus 




A participant’s SUD score was requested multiple times throughout the study. 
The SUD rating scale is a self-assessment tool that is commonly used by therapists and 
experimenters to rate an individual’s anxiety or fear level. The participant was asked to 
provide a SUD score between 0 and 100 (see SUDs scale) before entering the virtual 
environment, two minutes after entering the tranquil garden, and then after experiencing 
each stimulus in the Student Success Building. The participant’s behavior such as 
avoiding certain areas or ignoring virtual actors was also noted during the study and 
reported in results.   
To obtain both heart rate data and respiration rate data using the Bitalino device, it 
was necessary to complete signal analysis post hoc (as shown in Figure 8). In order to 
accomplish this, I utilized the QRSTool written by David Towers and CMetX written by 
John Allen that was provided by John Allen, Psychology Professor at the University of 
Arizona for analyzing both baseline and experimental conditions.  It was suggested by 
Meehan (2001) that there is a two to three second delay from stimulus to physiological 
response. Upon inspection of collected heart rate data, I observed that including a delay 
of approximately two seconds after each stimulus was necessary to capture the response. 
Meehan also suggested that heart rate should be averaged over one or two cycles of 
respiration (approximately four to eight seconds) as respiration has a known effect on 
heart rate. It was also suggested to me by Ethan Blackford, Biomedical Engineer at the 
Signature Tracking for Optimized Nutrition and Training (STRONG) lab part of the Air 
Force Research Laboratory (AFRL), that heart rate information be collected for a 
minimum of ten seconds after a given stimulus. With this in mind, using the QRS Tool 




calculated the average heart rate for ten seconds. This same software package was used to 
calculate the RMSSD value for baseline and stimulus response. 
 
Figure 8 Heart Rate Signal Example 
In order to analyze respiration rate data, I again utilized the QRS Tool primarily to see 
lung expansions and contractions (as shown in Figure 9) in the signal as well as mark 
timing between peaks. Respiration rate data were manually calculated by using this 
information and excel. After the stimulus, a minimum of three respiration cycles and 
maximum of four were used for respiration rate calculation. 
 
Figure 9 Respiration Rate Signal Example 
The measures were constructed as follows 




ΔRMSSD = RMSSDStimulus - RMSSDBaseline 
ΔRespiration Rate = Respiration RateStimulus - Respiration RateBaseline 
ΔSUD Score = SUD ScoreStimulus – SUD ScoreBaseline 
2.4. Pilot 
Before beginning the first experiment, I conducted a pilot test to ensure proper 
operation of the system, test the methods that I was using, and solidify the script I had 
created. This initial run proved to be very useful and brought to light areas that had to be 
addressed. One of the areas that benefited greatly was collection of ECG data. I tested 
multiple configurations for ECG placement using the Bitalino to obtain the highest 
quality signal which included the largest R value in the QRS complex (see Figure 10 for 
QRS complex example).  
 
Figure 10 Representation of the QRS Complex in an ECG 
Ultimately, I found the optimum placement of leads to be as shown in Figure 11.  
 
 




I also found that the cables had to be secured to the participant to reduce the noise that 
was introduced by participant movement (see Figure 12).  Without this modification, the 
collected data could not have been analyzed accurately.  
 
Figure 12 Initial ECG Signal (Left) and ECG Signal with Secured Cable (Right) 
The Bitalino device is capable of collecting data at either 100 Hz or 1000 Hz.  
Initially I had planned to collect data at 1000 Hz, but I opted to collect data at 100 Hz as 
my initial choice of 1000 Hz put a large load on the system which resulted in issues in the 
virtual environment and database performance as well as very large data files. I also 
discovered that after the last stimulus, the participant needed to remain in the virtual 
environment for an additional fourteen seconds in order to use CMetX to analyze the 
data. (Allen, Chambers, & Towers, 2007). It also became apparent during the pilot that 
the participant would need additional assistance and/or feedback while navigating in the 
Student Success Building which led to my adding room numbers in both the environment 
and the script as well as objects in the environment to guide the participant toward the 
correct direction. Additionally, I determined the naming scheme for the data. Since there 
was no way to specify in the system whether or not the participant was in the tranquil 
garden or in the experimental conditions environment, I elected to use the participant 
number field to provide that information. The tranquil garden/baseline was simply named 




participant number as well as the participant group (i.e. 1GpA).  
2.5. Experiment 1 
 2.5.1. Design. The majority of studies focusing on virtual environments and 
PTSD have used first person perspective, and the first experiment in this study also used 
first person perspective. This first experiment evaluated the response to the six stimuli 
previously discussed in section 2.2. This experiment was mixed design with stimuli being 
within subjects and PTSD being between subjects. Figure 13 shows the overall flow of 
the experiment.  
 
Figure 13 Experiment 1 Diagram 
It was approximately forty-five minutes in length as shown in Table 5.  
 
Table 5 Experiment 1 Sections and Timing 
Time Item 
8 min Introduction 
• Greet the participant 
• Read introductory script 
• Complete informed consent 
 
12 min Opening Questionnaires 
• Demographics (10 Questions) 
• Big 5 Inventory (10 Questions) 
• PCL-5 (20 Questions) 
• Trauma Screen (15 Questions) 
 
5 min Equipment Setup 
• Chair 








5 min Training / Baseline 
10 min Task Completion 
• Read pre-task briefing before participant begins tasks 
• Instruct the participant using the detailed script 
o Select Instructions Based on A or B Group 
 
5 min Closing Questionnaires 
• Presence (14 Questions) 
• Sim Sickness (16 Questions) 
 
 
 Participants were assigned a participant number and given the informed consent 
document to read and sign.  Informed consent forms were stored separately from 
collected data. Participants then completed questionnaires related to demographics, 
personality, PTSD severity, and previous trauma (see Appendix A). The participant was 
presented with the subjective units of discomfort (SUDS) scoring sheet and anchor points 
for a score of 0, 30, 50, 70, and 100 were described aloud. Participants were then asked to 
provide their current SUD score.  PSM device and sensors were then attached to the 
participant and checked for proper functioning. The chair height and Oculus Rift fit were 
adjusted for the individual.  
 Baselines for heart rate, respiration rate, and SUD were collected in a simulated 
outdoor garden with pleasant ambient visuals and sounds as shown in Figure 14. The 
participants were instructed to practice navigation in the garden by walking to its four 
corners and looking at the fountain. The baseline was collected while the participant 





Figure 14 Tranquil Garden Baseline Condition 
The participant was then moved to the experimental conditions on the virtual first floor of 
the Wright State Student Success Building. Navigation arrows directed the participant to 
the correct room. In order to enhance participant presence, the participant was verbally 
asked to accomplish simple tasks within the environment. One stimulus was presented at 
a time, and each participant experienced all of the stimuli. Participants were either 
assigned to Group A (clockwise around building) or Group B (counterclockwise around 
building) as shown in Table 6. The stimuli were presented to the participant in the 
following order based on group assignment. 
Table 6 Stimuli Order by Group 
Group A Group B 
Ticking Backpack Crowded Auditorium 
Direct Eye Contact Students Arguing 
Ball Rolling Across Visual Field Door Slamming 
Door Slamming Ball Rolling Across Visual Field 




Crowded Auditorium Ticking Backpack 
 
In Group A, the first task is to find the Starry Night painting by Van Gogh (see 
Figure 16). As the participant began following the arrow to find the painting, he/she was 
required to pass a backpack with a metronome sound emanating from it (shown in Figure 
15). 
 





Figure 16 Starry Night Painting Task 
The participant’s second task was to navigate to Room 1 and find the book on 
photography (shown in Figure 18). The room was designed so that the participant had to 
walk past the virtual actor by using desks as navigation blocks. Once the participant 
approached the only available path to the book, a virtual actor (shown in Figure 17) 
looked directly at the participant and asked, “They can’t get the temperature right in here. 
It was really warm in this room yesterday. I heard they were having problems with the 





Figure 17 Eddie Asks the User a Question (Direct Eye Contact) 
 
Figure 18 Photography Book Task 
The participants third task was to walk to the restrooms (see Figure 19). Virtual actors 






Figure 19 Restroom Task 
After the participant located the restroom and approached, he/she was then asked to walk 
back into the main hallway.  As the participant approached the main hallway, a red ball 
rolled across his/her visual field (see Figure 20), and the virtual actors previously 
blocking the pathway were no longer there. 
 




For the fourth task, the participant was asked to walk to Room 2 and read the answers to 
the math problems out loud (see Figure 21). 
 
Figure 21 Math Task  
As the participant was reading the answers to the math problems, a door slammed loudly 
(see Figure 22). 
 




The fifth task required the participant to walk to Room 3 and find the info board. As the 
participant entered the room, a group of students at a table began arguing loudly (see 
Figures 23 and 24). 
 
Figure 23 Students Arguing (Social Stress) 
 




For the final task in Group A, the participant was asked to find the Auditorium, walk up 
to the front, and ask the students to quiet down for the speaker who will be coming in 
soon (see Figure 25). 
 
Figure 25 Auditorium Task Crowded Room  
Once the participant requested the room to quiet, the experimenter muted the sound and 
asked the participant to walk back into the main hallway. The study script example for 
group A is located in Appendix B. Upon completion of the exercise, the data collected 
(PSM, SUDS, etc.) from the trial that were stored into a database for each user by 
participant number were then exported into a format readable by the QRS Tool. 
2.5.2. Participants. 
Participants were recruited using electronic advertisements (i.e., email, Face 
Book) and flyers. Of the 38 participants, 25 were in the control group, and 13 were in the 
PTSD Diagnosis group. Participant’s age ranged from 21 to 65, consisted of both males 
and females, and were veterans or active duty for the vast majority. Demographic 




Table 7 Experiment 1 Demographics Information 
 PTSD (n = 13) Non-PTSD (n = 25) 
Age Mean (SD) 41.1 (10.3) 38.08 (14.2) 
 
 
Military 11 15 
Sex (M:F ratio) 11:2 15:10 
VE Experience 4 14 




 PTSD status was based on participant scoring on the PCL-5 checklist as well as 
the response to whether or not the participant had been diagnosed with PTSD previously. 
If the participant scored above 33, the participant was considered to be in the PTSD 
group.  If the participant was previously diagnosed by a medical professional with PTSD 
and believed he/she has PTSD, the participant was considered to be in the PTSD group.  
2.6. Experiment 2  
 2.6.1. Design. For the second experiment we were interested in the role 
that perspective plays in system design. The VE was designed such that the participant 
navigated a virtual actor through the Student Success Building rather than viewing in first 
person. The participant was seated in a virtual room and viewed a virtual television while 
controlling the actor. The experimental design for this experiment was a two variable 
within-subject design (two perspectives x four stimuli). The stimuli (sound, visual 
incongruity, object acceleration, and crowded room) were selected based on results from 
the first experiment.  The initial participants with PTSD were recruited to return to 
experience third person perspective. While it would have been preferred that the 
perspectives be experienced by participants in different orders (i.e. some experience first 
and then second while others experience second and then first), this was not a possibility 




passed since all participants had experienced first person perspective which should have 
helped offset any orientation that would have occurred had the participants seen both 
perspectives during the same sitting. The flow of experiment 2 is shown in Figure 26. 
 
Figure 26 Experiment 2 Flow 
Experiment 2 was approximately thirty minutes in length as shown in Table 8.  
 
Table 8 Experiment 2 Sections and Timing 
Time Item 
8 min Introduction 
• Greet the participant 
• Read introductory script 
• Complete informed consent 
 
12 min Opening Questionnaires 
• Demographics (3 Questions) 
 
5 min Equipment Setup 
• Respiration Strap 




5 min Training / Baseline 
5 min Task Completion 
• Read pre-task briefing before participant begins tasks 
• Instruct the participant using the detailed script 
o Select Instructions Based on A or B Group 
 




• Presence (14 Questions) 
• Sim Sickness (16 Questions) 
• Request Participant Feedback 
 
 
Unlike the first experiment, the virtual environment consisted of a room with a large 
television screen that displayed a virtual actor (Ethan) whom the participant could 
control. The participant was seated in a non-moving chair that was replicated in the VE as 
a couch. Just as in the first experiment, the participant was initially placed in a tranquil 
garden (shown in Figure 27) for a minimum of three minutes to collect baseline 
information as well as give him/her a chance to practice Ethan’s navigation.   
 
Figure 27 Ethan in the Tranquil Garden 
The participant and Ethan were then moved to the experimental conditions on the virtual 
first floor of the Wright State Student Success Building. Navigation arrows directed the 
participant to the correct room. In order to enhance participant presence, the participant 
was verbally asked to accomplish simple tasks within the environment. One stimulus was 




either assigned to Group A (clockwise around building) or Group B (counterclockwise 
around building). The stimuli were presented to the participant in the order shown in 
Table 9, and the presentation was based on group assignment. 
Table 9 Stimuli Order by Group 
Group A Group B 
Ball Rolling Across Visual Field Crowded Auditorium 
Jacket with Ringing Cell Phone Book Falling 
Book Falling Jacket with Ringing Cell Phone 
Crowded Auditorium Ball Rolling Across Visual Field 
 
In Group A, the first task is to find the Waterfall painting by MC Escher (see 
Figure 28). As the participant began directing Ethan in the direction of the arrow back 
into the main hallway after finding the painting, a virtual ball rolled across the floor in 
their visual field (shown in Figure 29). 
 





Figure 29 Blue Ball Rolling (Visual Acceleration) 
The participant’s second task was to navigate Ethan to Room 1 and find the book on 
photography (shown in Figure 30). The room was designed so that Ethan had to walk past 
an abandoned military jacket with a cell phone under it (shown in Figure 31). Shortly 
after the Ethan enters the room, the phone begins ringing.  
 





Figure 31 Photography Book Task  
For the third task, the participant was asked to walk Ethan to Room 2 and find the fire 
extinguisher (see Figure 32). 
 
Figure 32 Fire Extinguisher Task  






Figure 33 Rachel with Book on Desk 
For the final task in Group A, the participant was asked to find the Auditorium, direct 
Ethan to the front, and ask the students to quiet down for the speaker who will be coming 
in soon (see Figure 34). 
 




Once the participant requested the room to quiet, the experimenter muted the sound and 
asked the participant to walk back into the main hallway. The study script example for 
group A is located in Appendix B. Upon completion of the exercise, data collected (PSM, 
SUD, etc.) from the trial which were stored into a database for each user by participant 
number were exported into a format readable by the QRS Tool. 
 2.6.2. Participants. As mentioned previously, due to the difficulty in 
finding participants for the PTSD group, participants from the PTSD group in the first 
experiment were recruited to return to experience third person perspective. Of the thirteen 
participants from the first experiment, five were available to complete the second 
experiment. Demographic information is presented in Table 10. 
Table 10 Experiment 2 Participant Demographics 
 PTSD (n = 5) 
Age Mean (SD) 34 (6.20) 
Military 4 (of 5) 
Sex (M:F ratio) 3:2 







3. Results1  
In the first experiment we evaluated participants’ responses to six stimuli as 
suggested by those with PTSD and PTSD research: startle sound, a crowded room, a 
misplaced object, social conflict, direct eye contact and horizontal movement across a 
visual field. More details on stimuli selection are discussed in Section 2.2. In the second 
experiment, we investigated whether perspective plays a role with regard to design and 
what role sense of presence plays for those with PTSD. The results of those experiments 
are given below.  
3.1. Experiment 1 
All calculations were performed using SPSS Software version 26 student edition 
and G*Power for sample size calculations. A total of six participants experienced nausea 
during the first experiment. Of the PTSD group, two experienced nausea, and of the 25 in 
the non-PTSD group, four experienced nausea. Data collected from those experiencing 
nausea were not considered during analysis. In other cases, noise within the signal caused 
some data to be unusable. Interestingly, physiological and SUD baselines for the PTSD 
group versus non-PTSD group showed very little difference overall as shown in Tables 
11-14. Highest values for heart rate, respiration rate, RMSSD and SUD score are bolded.  
Table 11 Baseline Heart Rate Means for PTSD and non-PTSD Groups 
PTSD Mean N Std. Deviation 
No 71.6938 24 11.17356 
Yes 72.4191 11 9.78857 
 
 
1 This analysis work was a collaborative effort with Dr. DeAnne French.  Dr. French’s statistical expertise, 





Table 12 Baseline Respiration Rate Means for PTSD and non-PTSD Groups 
PTSD Mean N Std. Deviation 
No 19.9265 20 3.26125 
Yes 19.6751 9 5.05696 
 
Table 13 Baseline RMSSD Rate Means for PTSD and non-PTSD Groups 
PTSD Mean N Std. Deviation 
No 38.9005 20 23.58714 
Yes 32.9130 10 15.24349 
Table 14 Baseline SUD Means for PTSD and non-PTSD Groups 
PTSD Mean N Std. Deviation 
No 14.86 22 14.70 
Yes 22.73 11 18.35 
 
3.1.1. Hypotheses 1. The interaction between PTSD and stimuli will be an ordinal 
interaction where participants with PTSD will have higher Heart Rate, Respiration Rate, 
SUD Score, and lower Heart Rate Variability (RMSSD).  
ΔHeart Rate.  
The factors for experiment 1 are shown in Table 15.  
Table 15 Between Subject Factors for Experiment 1 ΔHeart Rate 
 Value Label N 
PTSD 0 No 113 
1 Yes 60 
Stimuli 1 Backpack 29 
2 Eye Contact 29 
3 Ball 30 
4 Startle Sound 29 
5 Students Argue 29 





Table 16 below shows the mean and standard deviations for ΔHeart Rate in both 
the PTSD and non-PTSD groups based on the stimuli type. The largest value in each 
stimuli type is bolded for ease of reading.  
Table 16 Means for ΔHeart Rate 
ΔHeart Rate     95% CI 
Stimuli PTSD Mean N Std. Deviation Minimum Maximum 
Students Argue No -.9768 19 2.80483 -6.71 5.74 
Yes .5560 10 3.12636 -4.47 5.34 
Total -.4483 29 2.95785 -6.71 5.74 
Crowded Room No 7.9876 18 8.59056 -1.40 28.63 
Yes 11.6520 10 12.91678 -3.98 43.37 
Total 10.0336 28 10.17786 -3.98 43.37 
Backpack No -0.7395 19 7.39931 -7.71 27.84 
Yes 1.5580 10 4.68807 -5.38 8.89 
Total .9500 29 6.51630 -7.71 27.84 
Ball No .3060 20 2.17875 -4.19 4.71 
Yes 1.9450 10 4.23278 -6.24 6.96 
Total .8523 30 3.04760 -6.24 6.96 
Eye Contact No -.2037 19 3.82882 -4.34 12.18 
Yes 1.3750 10 2.97525 -4.57 5.78 
Total .3914 29 3.57727 -4.57 12.18 
Startle Sound No 2.0700 19 3.97156 -5.47 10.39 
Yes 3.3510 10 2.37768 -.25 8.18 
Total 2.5117 29 3.51299 -5.47 10.39 
Total No 1.2811 114 6.15207 -7.71 28.63 
Yes 3.4062 60 7.05562 -6.24 43.37 
Total 2.0181 174 6.50487 -7.71 43.37 
 
Figure 35 shows the mean ΔHeart Rate for the Non-PTSD group in green and the PTSD 






Figure 35 ΔHeart Rate Mean Grouped by PTSD Status and Stimulus Type 
Analysis of variance (ANOVA) is generally an appropriate statistical technique to use in 
heart rate research (Richards, 1980). A look into the normality of the data collected 
shows that the data were normally distributed with some of the stimuli but not with 
others.  We considered analyzing the data with both ANOVA and non-parametric 
techniques. While the data were normal for some stimuli and not others, we know that 
ANOVA is very robust to this violation of assumptions. Non-parametric methods are not 
only less powerful but also not appropriate to use in the case of nested variables and 
interactions. In our case, each participant was nested within the group factor (PTSD and 
non-PTSD). There were two orders used (clockwise and counterclockwise); however, the 
order of stimulus presentation could not be randomized as doing so in a virtual 




the order of individual stimulus made an impact.  The results of the two-way nested 
ANOVA are shown in Table 17. 
Table 17 Two-Way ANOVA of PTSD, with Stimuli, with the Interaction of the Two (ΔHeart Rate) 
Tests of Between-Subjects 
Effects 
              
Dependent Variable:   ΔHeart Rate               










Intercept Hypothesis 891.529 1 891.529 23.566 .000 .461 .997 
  Error 1043.292 27.578 37.830a         
PTSD Hypothesis 157.537 1 157.537 4.162 .051 .131 .504 
  Error 1042.180 27.531 37.855b         
Stimuli Hypothesis 1855.217 5 371.043 17.175 .000 .392 1.000 
  Error 2873.351 133 21.604c         
PTSD * Stimuli Hypothesis 17.388 5 3.478 .161 .976 .006 .087 
  Error 2873.351 133 21.604c         
ID(PTSD) Hypothesis 1053.274 28 37.617 1.741 .020 .268 .984 
  Error 2873.351 133 21.604c         
a. 1.013 MS(ID(PTSD)) - .013 MS(Error) 
b. 1.015 MS(ID(PTSD)) - .015 MS(Error) 
c. MS(Error) 
d. Computed using alpha = .05 
 
The ANOVA shows there is no significant interaction between stimulus and PTSD, with 
the p-value of .976, and an observed power of .087. Given the very small effect size 
(.006) seen in this set of data, the sample size necessary to detect a significant result, if 
one exists, would be significantly larger than our current sample size. For PTSD, we are 
very close to significant with a p-value at .051. The pairwise comparison test for PTSD is 
shown in Table 18. 
Table 18 Pairwise Comparison of PTSD Levels (PTSD and non-PTSD) for ΔHeart Rate 
Pairwise Comparisons 




(I) PTSD (J) PTSD 
Mean Difference 
(I-J) Std. Error Sig.d 






No Yes -2.012*,b,c .745 .008 -3.486 -.538 
Yes No 2.012*,b,c .745 .008 .538 3.486 
 
Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
b. An estimate of the modified population marginal mean (I). 
c. An estimate of the modified population marginal mean (J). 
d. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
 
Pairwise shows us a significant difference in the PTSD variable with a p-value of .008. 
The p-values from the ANOVA also suggest the type of stimulus is significant which is 
not surprising when considering the estimated marginal means chart in Figure 35. Stimuli 
results are discussed in Section 3.1.3. Given the effect sizes seen in this set of data, the 
sample size necessary to detect a significant result, if one exists, would be N = 64 for 
PTSD, N = 10 for stimulus, and almost 30,000 for the interactions of PTSD and stimulus.  
ΔRMSSD. The factors for experiment 1 are shown in Table 19.  
Table 19 Between Subject Factors for Experiment 1 ΔRMSSD 
 Value Label N 
PTSD 0 No 114 
1 Yes 60 
Stimuli 1 Backpack 29 
2 Eye Contact 29 
3 Ball 30 
4 Startle Sound 29 
5 Students Argue 29 





Table 20 below shows the mean and standard deviations for ΔRMSSD in both the 
PTSD and non-PTSD groups based on the stimuli type. Research shows that a decreased 
ΔRMSSD value is associated with a stress response so the smallest value in each stimulus 
type is bolded for ease of reading.  
Table 20 Means for ΔRMSSD 
ΔRMSSD       





Students Argue No -1.4784 19 14.64206 -31.73 12.93 
Yes 13.4380 10 15.25760 -6.26 46.42 
Total 3.6652 29 16.26996 -31.73 46.42 
Crowded Room No 3.4867 18 24.71054 -53.45 68.69 
Yes .8680 10 12.90542 -25.07 16.61 
Total 2.5514 28 21.01447 -53.45 68.69 
Backpack No -1.2326 19 18.11907 -46.35 20.39 
Yes 11.7320 10 12.03719 .84 42.30 
Total 3.2379 29 17.23232 -46.35 42.30 
Ball No 5.8045 20 10.61213 -16.52 31.67 
Yes 9.9650 10 19.29865 -13.33 52.36 
Total 7.1913 30 13.90494 -16.52 52.36 
Eye Contact No 3.5274 19 18.95735 -42.81 31.88 
Yes 8.5760 10 11.35990 -16.02 24.50 
Total 5.2683 29 16.68755 -42.81 31.88 
Startle Sound No 5.7200 19 17.17796 -34.11 36.32 
Yes 10.2850 10 18.05379 -7.27 52.52 
Total 7.2941 29 17.30139 -34.11 52.52 
Total No 2.6582 114 17.62050 -53.45 68.69 
Yes 9.1440 60 15.01651 -25.07 52.52 
Total 4.8947 174 17.00770 -53.45 68.69 
 
Figure 36 shows the mean ΔRMSSD for the Non-PTSD group in green and the PTSD 
group in yellow. The PTSD group generally has a higher ΔRMSSD value than the non-






Figure 36 ΔRMSSD Mean Grouped by PTSD Status and Stimuli Type 
We also used ANOVA to analyze RMSSD.  While the data were normal for some stimuli 
and not others, we know that ANOVA is very robust when the assumption of normality is 
not met. Just as with the heart rate data, non-parametric methods are not only less 
powerful but also not appropriate to use in the case of nested variables and interactions. 
The results of the two-way ANOVA are shown in Table 21. 
 
Table 21 Two-Way ANOVA of PTSD, with Stimuli, with the Interaction of the Two (ΔRMSSD) 
Tests of Between-Subjects 
Effects 
              












Intercept Hypothesis 5609.87 1 5609.87 6.766 0.015 0.195 0.709 
 Error 23105.374 27.866 829.166a     




 Error 23116.227 27.851 830.001b     
Stimuli Hypothesis 424.747 5 84.949 0.486 0.786 0.018 0.178 
 Error 23404.033 134 174.657c     
PTSD * Stimuli Hypothesis 1361.182 5 272.236 1.559 0.176 0.055 0.532 
 Error 23404.033 134 174.657c     
ID(PTSD) Hypothesis 23009.821 28 821.779 4.705 0 0.496 1 
 Error 23404.033 134 174.657c     
a. 1.011 MS(ID(PTSD)) - .011 MS(Error) 
b. 1.013 MS(ID(PTSD)) - .013 MS(Error) 
c. MS(Error) 
d. Computed using alpha = .05 
 
There are no significant results for any of our factors or for the interaction between PTSD 
and stimulus, but since our power and effect sizes are small, further study in future 
investigations is warranted. Given the effect sizes seen in this set of data, the sample size 
necessary to detect a significant result, if one exists, would be N = 280 for PTSD, N = 
3302 for stimulus, and 356 for the interactions of PTSD and stimulus. 
ΔRespiration Rate.  
The factors for experiment 1 are shown in Table 22. 
Table 22 Between Subject Factors for Experiment 1 ΔRespiration Rate 
 Value Label N 
PTSD 0 No 111 
1 Yes 54 
Stimuli 1 Backpack 29 
2 Eye Contact 29 
3 Ball 28 
4 Startle Sound 26 
5 Students Argue 26 





Table 23 below shows the mean and standard deviations for ΔRespiration Rate in 
both the PTSD and non-PTSD groups based on the stimulus type. The largest value in 
each stimulus type is bolded for ease of reading. 
Table 23 Means for ΔRespiration Rate  
ΔRespiration Rate       
Stimuli PTSD Mean N 
Std. 
Deviation Minimum Maximum 
Students Argue No 2.4398 17 7.25102 -10.68 20.40 
Yes 1.8313 9 2.89106 -2.76 6.71 
Total 2.2291 26 6.03417 -10.68 20.40 
Crowded Room No 4.9956 18 5.32933 -4.83 18.72 
Yes 4.7497 9 2.94773 -1.13 8.14 
Total 4.9136 27 4.61063 -4.83 18.72 
Backpack No 2.7253 20 7.15767 -4.69 26.83 
Yes 3.2466 9 5.01397 -1.62 13.74 
Total 2.8871 29 6.48134 -4.69 26.83 
Ball No 2.0939 19 6.06881 -6.86 15.52 
Yes -.6367 9 4.07682 -3.76 7.97 
Total 1.2162 28 5.58253 -6.86 15.52 
Eye Contact No 2.2489 20 6.23249 -15.95 17.78 
Yes 3.5019 9 4.67102 -2.92 12.18 
Total 2.6378 29 5.73936 -15.95 17.78 
Startle Sound No 1.1162 17 6.85923 -8.59 14.73 
Yes 3.7531 9 5.58894 -6.19 12.47 
Total 2.0290 26 6.46093 -8.59 14.73 
Total No 2.6094 111 6.46673 -15.95 26.83 
Yes 2.7410 54 4.46806 -6.19 13.74 
Total 2.6525 165 5.87406 -15.95 26.83 
 
Figure 37 shows the mean ΔRespiration Rate for the Non-PTSD group in green and the 





Figure 37 ΔRespiration Rate Mean Grouped by PTSD Status and Stimuli Type 
We also used ANOVA to analyze Respiration Rate.  While the data were normal for 
some stimuli and not others, we know that ANOVA is very robust. Just as with the 
previous data, non-parametric methods are not only less powerful but also not appropriate 
to use in the case of nested variables and interactions. The results of the two-way 
ANOVA are shown in Table 24. 
Table 24 Two-Way ANOVA of PTSD, with Stimuli, with the Interaction of the Two (ΔRespiration Rate) 
Tests of Between-Subjects 
Effects 
              












Intercept Hypothesis 1039.423 1 1039.423 14.897 0.001 0.36 0.961 
 Error 1850.991 26.529 69.772a     
PTSD Hypothesis 0.812 1 0.812 0.012 0.915 0 0.051 
 Error 1850.205 26.482 69.865b     
Stimuli Hypothesis 234.166 5 46.833 1.692 0.141 0.063 0.571 




PTSD * Stimuli Hypothesis 58.564 5 11.713 0.423 0.832 0.017 0.159 
 Error 3487.046 126 27.675c     
ID(PTSD) Hypothesis 1859.098 27 68.855 2.488 0 0.348 0.999 
 Error 3487.046 126 27.675c     
a. 1.022 MS(ID(PTSD)) - .022 MS(Error) 
b. 1.025 MS(ID(PTSD)) - .025 MS(Error) 
c. MS(Error) 
d. Computed using alpha = .05 
 
There are no significant results for any of our factors or for the interaction between PTSD 
and stimulus, but since our power and effect sizes are small, further study in future 
investigations is warranted. Given the effect sizes seen in this set of data, the sample size 
necessary to detect a significant result, if one exists, would be N = 272 for stimulus, and 
almost 3700 for the interactions of PTSD and stimulus. For PTSD, the partial eta squared 
shows a value of zero, & G*Power interprets that as no effect, so no sample size can be 
calculated. 
ΔSUD. The factors for experiment 1 are shown in Table 25. 
Table 25 Between Subject Factors for Experiment 1 ΔSUD Score 
 Value Label N 
PTSD 0 No 130 
1 Yes 66 
Stimuli 1 Backpack 33 
2 Eye Contact 33 
3 Ball 33 
4 Startle Sound 33 
5 Students Argue 32 





Table 26 below shows the mean and standard deviations for ΔSUD in both the 
PTSD and non-PTSD groups based on the stimulus type. The largest value in each 
stimulus type is bolded for ease of reading. 
Table 26 Means for ΔSUD 
ΔSUD Score       
Stimuli PTSD Mean N 
Std. 
Deviation Minimum Maximum 
Students Argue No 5.67 21 8.685 -5 30 
Yes 9.09 11 16.404 -10 50 
Total 6.84 32 11.756 -10 50 
Crowded Room No 7.57 21 9.842 -5 30 
Yes 9.09 11 19.212 -10 60 
Total 8.09 32 13.494 -10 60 
Backpack No 4.18 22 7.195 -5 20 
Yes 11.36 11 17.761 -10 45 
Total 6.58 33 12.016 -10 45 
Ball No 2.59 22 8.051 -10 22 
Yes 5.91 11 16.556 -10 40 
Total 3.70 33 11.433 -10 40 
Eye Contact No 2.64 22 8.039 -15 20 
Yes 10.00 11 21.564 -15 50 
Total 5.09 33 14.147 -15 50 
Startle Sound No 5.18 22 8.093 -5 27 
Yes 10.91 11 16.404 -10 50 
Total 7.09 33 11.601 -10 50 
Total No 4.61 130 8.362 -15 30 
Yes 9.39 66 17.465 -15 60 
Total 6.22 196 12.372 -15 60 
 
Figure 38 shows the mean ΔSUD for the Non-PTSD group in green and the PTSD group 
in yellow. The graphs shows an ordinal interaction as the PTSD group has a higher mean 





Figure 38 ΔSUD Score Mean Grouped by PTSD Status and Stimuli Type 
We once again used a nested two-way ANOVA for the reasons previously mentioned. 
The results of the two-way ANOVA are shown in Table 27. 
Table 27 Two-Way ANOVA of PTSD, with Stimuli, with the Interaction of the Two (ΔSUD) 
Tests of Between-Subjects 
Effects 
              












Intercept Hypothesis 9373.43 1 9373.43 18.045 0 0.368 0.984 
 Error 16096.344 30.987 519.460a     
PTSD Hypothesis 1042.527 1 1042.527 2.006 0.167 0.061 0.279 
 Error 16101.026 30.985 519.646b     
Stimuli Hypothesis 361.804 5 72.361 1.631 0.155 0.051 0.556 
 Error 6787.759 153 44.364c     
PTSD * 
Stimuli Hypothesis 523.964 5 104.793 2.362 0.043 0.072 0.743 
 Error 6787.759 153 44.364c     
ID(PTSD) Hypothesis 16066.278 31 518.267 11.682 0 0.703 1 
 Error 6787.759 153 44.364c     




b. 1.003 MS(ID(PTSD)) - .003 MS(Error) 
c. MS(Error) 
d. Computed using alpha = .05 
 
There are no significant results for our factors of PTSD and stimulus. There is, however, 
a significant interaction between PTSD and stimulus, with the p-value of .043, and an 
observed power close to the desired 80% (power = 74.3%). This indicated that the 
participants in the PTSD group reacted differently to the stimuli than those in the non-
PTSD group. Given the effect sizes seen in this set of data, the sample size necessary to 
detect a significant result, if one exists, would be N = 290 for PTSD, N = 414 for 
stimulus, and 208 for the interactions of PTSD and stimulus. 
Summary. Table 2x shows a summary for all dependent variables for hypothesis  
Table 28 Hypothesis 1 Summary 
Measure PTSD Stimulus Interaction 
ΔHeart Rate Significant Significant Not Significant 
ΔRMSSD Not Significant Not Significant Not Significant 
ΔRespiration Rate Not Significant Not Significant Not Significant 
ΔSUD Not Significant Not Significant Significant 
 
3.1.2.  Hypothesis 2. Participants with PTSD will have a greater response in Heart Rate, 
Respiration Rate, SUD Score and lower Heart Rate Variability than those who do not 
have PTSD. 
 Using the same variables, we are looking at whether there are differences between 




ΔHeart Rate. Table 29 shows the means and standard deviations for ΔHeart Rate 
in both the PTSD and non-PTSD groups without regard to stimuli type.  
Table 29 Means for ΔHeart Rate by PTSD Group 
 
Dependent Variable:   ΔHeart Rate  
 
95% Confidence Interval 
  
 PTSD  Mean  Std. 
Error 
Lower Bound Upper Bound 
No 1.221a .550 .134 2.308 
Yes 3.406a .748 1.927 4.885 
a. Based on modified population marginal mean. 
 
The results of the nested ANOVA for both groups across all stimuli for ΔHeart Rate are 
shown in Table 30. 
Table 30 Nested ANOVA of PTSD (ΔHeart Rate) 
Tests of Between-Subjects Effects 
  
            












Intercept Hypothesis 826.931 1 826.931 23.333 0 0.461 0.996 
 Error 968.287 27.322 35.440a     
PTSD Hypothesis 186.07 1 186.07 5.25 0.03 0.162 0.599 
 Error 965.366 27.237 35.443b     
ID(PTSD) Hypothesis 991.651 28 35.416 1.054 0.403 0.171 0.839 
 Error 4804.73 143 33.600c     
a. 1.013 MS(ID(PTSD)) - .013 MS(Error) 
b. 1.015 MS(ID(PTSD)) - .015 MS(Error) 
c. MS(Error) 
d. Computed using alpha = .05 
 
The mean ΔHeart Rate for the PTSD group is significantly different than the non-PTSD 




in this set of data, the sample size necessary to consistently detect a significant result, if 
one exists, would be N = 302. 
ΔRMSSD. Table 31 shows the means and standard deviations for ΔRMSSD in 
both the PTSD and non-PTSD groups without regard to stimulus type. 
Table 31 Means for ΔRMSSD by PTSD Group 
 
Dependent Variable:   ΔRMSSD  
 
95% Confidence Interval 
  
 PTSD  Mean  Std. 
Error 
Lower Bound Upper Bound 
No 2.906a 1.248 .439 5.373 
Yes 9.144a 1.707 5.771 12.517 
a. Based on modified population marginal mean. 
 
The results of the nested ANOVA for both groups across all stimuli for ΔRMSSD are 
shown in Table 32. 
Table 32 Nested ANOVA of PTSD (ΔRMSSD) 
Tests of Between-Subjects Effects 
  
            












Intercept Hypothesis 5615.898 1 5615.898 6.715 0.015 0.194 0.706 
 Error 23315.444 27.877 836.358a     
PTSD Hypothesis 1521.028 1 1521.028 1.817 0.189 0.061 0.256 
 Error 23327.935 27.861 837.308b     
ID(PTSD) Hypothesis 23225.252 28 829.473 4.747 0 0.48 1 
 Error 25163.435 144 174.746c     
a. 1.011 MS(ID(PTSD)) - .011 MS(Error) 
b. 1.012 MS(ID(PTSD)) - .012 MS(Error) 
c. MS(Error) 





The was no significant difference between ΔRMSSD means for the PTSD and non-
PTSD groups. Given the effect sizes seen in this set of data, the sample size necessary to 
detect a significant result, if one exists, would be N = 2112. 
ΔRespiration Rate. Table 33 shows the means and standard deviations for 
ΔRespiration Rate in both the PTSD and non-PTSD groups without regard to stimuli 
type. 
Table 33 Means for ΔRespiration Rate by PTSD Group 
Dependent Variable:   ΔRespiration Rate  95% Confidence Interval 
 PTSD  Mean  Std. 
Error 
Lower Bound Upper Bound 
No 2.581a .503 1.586 3.577 
Yes 2.741a .716 1.326 4.156 
a. Based on modified population marginal mean. 
 
The results of the nested ANOVA for both groups across all stimuli for ΔRespiration 
Rate are shown in Table 34. 
Table 34 Nested ANOVA of PTSD (ΔRespiration Rate) 
Tests of Between-Subjects Effects 
  
            












Intercept Hypothesis 1040.411 1 1040.411 14.604 0.001 0.355 0.957 
 Error 1891.03 26.544 71.242a     
PTSD Hypothesis 0.923 1 0.923 0.013 0.91 0 0.051 
 Error 1890.284 26.495 71.346b     
ID(PTSD) Hypothesis 1898.157 27 70.302 2.543 0 0.335 0.999 
 Error 3759.958 136 27.647c     
a. 1.022 MS(ID(PTSD)) - .022 MS(Error) 





d. Computed using alpha = .05 
 
The ΔRespiration Rate means for the PTSD group were not significantly different than 
the non-PTSD group. For PTSD, the partial eta squared shows a value of zero, & 
G*Power interprets that as no effect, so no sample size can be calculated. 
ΔSUD. Table 35 shows the means and standard deviations for ΔSUD in both the 
PTSD and non-PTSD groups without regard to stimuli type. 
Table 35 Means for ΔSUD by PTSD Group 
Dependent Variable:   ΔSUD  
 
95% Confidence Interval 
 PTSD  Mean  Std. 
Error 
Lower Bound Upper Bound 
No 4.830a .605 3.634 6.025 
Yes 9.773a .847 8.101 11.445 
a. Based on modified population marginal mean. 
 
The results of the nested ANOVA for both groups across all stimuli for SUD are shown 
in Table 36. 
Table 36 Nested ANOVA of PTSD (ΔSUD) 
Tests of Between-Subjects Effects             












Intercept Hypothesis 9301.527 1 9301.52
7 
18.059 0 0.368 0.984 
 Error 15959.83 30.986 515.070a     
PTSD Hypothesis 1067.058 1 1067.05
8 
2.071 0.16 0.063 0.286 
 Error 15964.831 30.983 515.272b     
ID(PTSD) Hypothesis 15931 31 513.903 10.862 0 0.674 1 




a. 1.002 MS(ID(PTSD)) - .002 MS(Error) 
b. 1.003 MS(ID(PTSD)) - .003 MS(Error) 
c. MS(Error) 
d. Computed using alpha = .05 
 
The ΔSUD Score means for the PTSD group are not significantly different than the non-
PTSD group, but both effect size and observed power were very small. Given the effect 
sizes seen in this set of data, the sample size necessary to detect a significant result, if one 
exists, would be N = 1908. 
Summary. Table 37 shows a summary for all dependent variables for hypothesis 
2. 
Table 37 Summary of Significance for Hypothesis 2 
Measure PTSD 
ΔHeart Rate Significant 
ΔRMSSD Not Significant 
ΔRespiration Rate Not Significant 
ΔSUD Not Significant 
 
3.1.3. Hypothesis 3. Stimuli type has an effect on Heart Rate, Heart Rate Variability, 
Respiration Rate, and SUD Score. 
ΔHeart Rate. Table 38 shows the means for each of the stimuli among all groups.  
Table 38 Mean ΔHeart Rate by Stimuli for All Groups 
Stimuli Mean N Std. Deviation Min Max 
Backpack .9500 29 6.51630 -7.71 27.84 
Eye Contact .3914 29 3.57727 -4.57 12.18 
Ball .8523 30 3.04760 -6.24 6.96 
Startle Sound 2.5117 29 3.51299 -5.47 10.39 




Crowded Room 10.0336 28 10.17786 -3.98 43.37 
Total 2.3290 174 6.50487 -7.71 43.37 
 
Figure 39 shows the mean ΔHeart Rate for both groups combined by stimulus type.  
 
Figure 39 ΔHeart Rate Mean Grouped by Stimulus Type 
The results of the one-way ANOVA are shown in Table 39. 
Table 39 One-Way ANOVA of with Stimuli (ΔHeart Rate) 
 Sum of Squares df Mean Square F Sig. 
Between Groups 2116.185 5 423.237 13.663 .000 
Within Groups 5204.018 168 30.976   
Total 7320.203 173    
 
The p-value of <.001 confirms that stimuli type was strongly significant. Type of 
stimulus does cause differences in the ΔHeart Rate outcome. Table 40 below does 
pairwise comparisons (LSD) for all possible pairs of stimuli p-values. 
Table 40 LSD Multiple Comparisons of Stimuli (ΔHeart Rate) 















Backpack Eye Contact .55862 1.46161 .703 -2.3269 3.4441 
Ball .09767 1.44938 .946 -2.7637 2.9590 
Startle Sound -1.56172 1.46161 .287 -4.4472 1.3238 
Students Argue 1.39828 1.46161 .340 -1.4872 4.2838 
Crowded Room -9.08357* 1.47460 .000 -11.9947 -6.1724 
Eye 
Contact 
Backpack -.55862 1.46161 .703 -3.4441 2.3269 
Ball -.46095 1.44938 .751 -3.3223 2.4004 
Startle Sound -2.12034 1.46161 .149 -5.0058 .7651 
Students Argue .83966 1.46161 .566 -2.0458 3.7251 
Crowded Room -9.64219* 1.47460 .000 -12.5533 -6.7311 
Ball Backpack -.09767 1.44938 .946 -2.9590 2.7637 
Eye Contact .46095 1.44938 .751 -2.4004 3.3223 
Startle Sound -1.65939 1.44938 .254 -4.5207 1.2019 
Students Argue 1.30061 1.44938 .371 -1.5607 4.1619 
Crowded Room -9.18124* 1.46248 .000 -12.0684 -6.2940 
Startle 
Sound 
Backpack 1.56172 1.46161 .287 -1.3238 4.4472 
Eye Contact 2.12034 1.46161 .149 -.7651 5.0058 
Ball 1.65939 1.44938 .254 -1.2019 4.5207 
Students Argue 2.96000* 1.46161 .044 .0745 5.8455 
Crowded Room -7.52185* 1.47460 .000 -10.4330 -4.6107 
Students 
Argue 
Backpack -1.39828 1.46161 .340 -4.2838 1.4872 
Eye Contact -.83966 1.46161 .566 -3.7251 2.0458 
Ball -1.30061 1.44938 .371 -4.1619 1.5607 
Startle Sound -2.96000* 1.46161 .044 -5.8455 -.0745 
Crowded Room -10.48185* 1.47460 .000 -13.3930 -7.5707 
Crowded 
Room 
Backpack 9.08357* 1.47460 .000 6.1724 11.9947 
Eye Contact 9.64219* 1.47460 .000 6.7311 12.5533 
Ball 9.18124* 1.46248 .000 6.2940 12.0684 
Startle Sound 7.52185* 1.47460 .000 4.6107 10.4330 
Students Argue 10.48185* 1.47460 .000 7.5707 13.3930 
 
Results show that the crowded auditorium has the largest impact on all participants for 




stimuli have statistically similar means. Given the effect sizes seen in this set of data, the 
sample size necessary to detect a significant result, if one exists, would be N = 60. 
ΔRMSSD. Table 41 shows the means for each of the stimuli among all groups. 
Table 41 Mean ΔRMSSD by Stimuli for All Groups 
Stimuli Mean N Std. Deviation Variance Min Max 
Students Argue 3.6652 29 16.26996 264.712 -31.73 46.42 
Crowded Room 2.5514 28 21.01447 441.608 -53.45 68.69 
Backpack 3.2379 29 17.23232 296.953 -46.35 42.30 
Ball 7.1913 30 13.90494 193.347 -16.52 52.36 
Eye Contact 5.2683 29 16.68755 278.474 -42.81 31.88 
Startle Sound 7.2941 29 17.30139 299.338 -34.11 52.52 
Total 4.8947 174 17.00770 289.262 -53.45 68.69 
 
Figure 40 shows the mean ΔRMSSD for both groups combined by stimulus. 
 
 
Figure 40 ΔRMSSD Mean Grouped by Stimulus Type 
The results of the one-way ANOVA are shown in Table 42. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 606.433 5 121.287 .412 .840 
Within Groups 49435.845 168 294.261   
Total 50042.277 173    
 
As shown in the one-way ANOVA analysis in Table 42, the p-value of .840 shows there 
is not a significant difference overall between the stimuli types. Table 43 below does 
pairwise comparisons (LSD) for all possible pairs of stimuli p-values. 





















Backpack Eye Contact -2.03034 4.50487 .653 -10.9238 6.8631 
Ball -3.95340 4.46717 .377 -12.7724 4.8656 
Startle Sound -4.05621 4.50487 .369 -12.9497 4.8372 
Students Argue -.42724 4.50487 .925 -9.3207 8.4662 
Crowded Room .68650 4.54491 .880 -8.2860 9.6590 
Eye 
Contact 
Backpack 2.03034 4.50487 .653 -6.8631 10.9238 
Ball -1.92306 4.46717 .667 -10.7421 6.8960 
Startle Sound -2.02586 4.50487 .654 -10.9193 6.8676 
Students Argue 1.60310 4.50487 .722 -7.2903 10.4966 
Crowded Room 2.71685 4.54491 .551 -6.2557 11.6894 
Ball Backpack 3.95340 4.46717 .377 -4.8656 12.7724 
Eye Contact 1.92306 4.46717 .667 -6.8960 10.7421 
Startle Sound -.10280 4.46717 .982 -8.9218 8.7162 
Students Argue 3.52616 4.46717 .431 -5.2929 12.3452 
Crowded Room 4.63990 4.50755 .305 -4.2588 13.5386 
Startle 
Sound 
Backpack 4.05621 4.50487 .369 -4.8372 12.9497 
Eye Contact 2.02586 4.50487 .654 -6.8676 10.9193 
Ball .10280 4.46717 .982 -8.7162 8.9218 
Students Argue 3.62897 4.50487 .422 -5.2645 12.5224 
Crowded Room 4.74271 4.54491 .298 -4.2298 13.7152 
Students 
Argue 
Backpack .42724 4.50487 .925 -8.4662 9.3207 
Eye Contact -1.60310 4.50487 .722 -10.4966 7.2903 
Ball -3.52616 4.46717 .431 -12.3452 5.2929 
Startle Sound -3.62897 4.50487 .422 -12.5224 5.2645 
Crowded Room 1.11374 4.54491 .807 -7.8588 10.0862 
Crowded 
Room 
Backpack -.68650 4.54491 .880 -9.6590 8.2860 
Eye Contact -2.71685 4.54491 .551 -11.6894 6.2557 
Ball -4.63990 4.50755 .305 -13.5386 4.2588 
Startle Sound -4.74271 4.54491 .298 -13.7152 4.2298 






As expected, none of the pairwise comparisons are statistically significant. Given the 
effect sizes seen in this set of data, the sample size necessary to detect a significant result, 
if one exists, would be N = 1290. 
ΔRespiration Rate. Table 44 shows the means for each of the stimuli among all 
groups. 
Table 44 Mean ΔRespiration Rate by Stimuli for All Groups 
Stimuli Mean N Std. Deviation Minimum Maximum 
Backpack 2.8871 29 6.48134 -4.69 26.83 
Eye Contact 2.6378 29 5.73936 -15.95 17.78 
Ball 1.2162 28 5.58253 -6.86 15.52 
Startle Sound 2.0290 26 6.46093 -8.59 14.73 
Students Argue 2.2291 26 6.03417 -10.68 20.40 
Crowded Room 4.9136 27 4.61063 -4.83 18.72 
Total 2.6525 165 5.87406 -15.95 26.83 
 





Figure 41 ΔRespiration Rate Mean Grouped by Stimulus Type 
The results of the one-way ANOVA are shown in Table 45. 
Table 45 One-Way ANOVA of Stimuli (ΔRespiration Rate) 
 Sum of Squares df Mean Square F Sig. 
Between Groups 212.175 5 42.435 1.239 .293 
Within Groups 5446.568 159 34.255   
Total 5658.743 164    
 
The ANOVA shows no significant difference. Table 46 below does pairwise comparisons 
(LSD) for all possible pairs of stimuli p-values. 
Table 46 LSD Multiple Comparisons of Stimuli (ΔRespiration Rate) 












Backpack Eye Contact .24934 1.53702 .871 -2.7863 3.2849 
Ball 1.67089 1.55068 .283 -1.3917 4.7335 




Students Argue .65799 1.58073 .678 -2.4640 3.7799 
Crowded Room -2.02651 1.56522 .197 -5.1178 1.0648 
Eye Contact Backpack -.24934 1.53702 .871 -3.2849 2.7863 
Ball 1.42155 1.55068 .361 -1.6410 4.4841 
Startle Sound .60882 1.58073 .701 -2.5131 3.7308 
Students Argue .40865 1.58073 .796 -2.7133 3.5306 
Crowded Room -2.27585 1.56522 .148 -5.3672 .8155 
Ball Backpack -1.67089 1.55068 .283 -4.7335 1.3917 
Eye Contact -1.42155 1.55068 .361 -4.4841 1.6410 
Startle Sound -.81273 1.59402 .611 -3.9609 2.3355 
Students Argue -1.01290 1.59402 .526 -4.1611 2.1353 
Crowded Room -3.69740* 1.57864 .020 -6.8152 -.5796 
Startle 
Sound 
Backpack -.85816 1.58073 .588 -3.9801 2.2638 
Eye Contact -.60882 1.58073 .701 -3.7308 2.5131 
Ball .81273 1.59402 .611 -2.3355 3.9609 
Students Argue -.20017 1.62327 .902 -3.4061 3.0058 
Crowded Room -2.88467 1.60817 .075 -6.0608 .2915 
Students 
Argue 
Backpack -.65799 1.58073 .678 -3.7799 2.4640 
Eye Contact -.40865 1.58073 .796 -3.5306 2.7133 
Ball 1.01290 1.59402 .526 -2.1353 4.1611 
Startle Sound .20017 1.62327 .902 -3.0058 3.4061 
Crowded Room -2.68450 1.60817 .097 -5.8606 .4916 
Crowded 
Room 
Backpack 2.02651 1.56522 .197 -1.0648 5.1178 
Eye Contact 2.27585 1.56522 .148 -.8155 5.3672 
Ball 3.69740* 1.57864 .020 .5796 6.8152 
Startle Sound 2.88467 1.60817 .075 -.2915 6.0608 
Students Argue 2.68450 1.60817 .097 -.4916 5.8606 
 
There is one statistically significant pairwise comparison. ΔRespiration Rate is 
significantly higher for crowded room than it is for ball. The mean ΔRespiration Rate 
might (or might not) be significantly higher than the mean for unexpected sound and for 




under powered, so further study is needed. Given the effect sizes seen in this set of data, 
the sample size necessary to detect a significant result, if one exists, would be N = 150. 
ΔSUD. Table 47 shows the means for each of the stimuli among all groups. 
Table 47 Mean ΔSUD Score by Stimuli for All Groups 
Stimuli Mean N Std. Deviation 
Backpack 6.58 33 12.016 
Eye Contact 5.09 33 14.147 
Ball 3.70 33 11.433 
Startle Sound 7.09 33 11.601 
Students Argue 6.84 32 11.756 
Crowded Room 8.09 32 13.494 
Total 6.22 196 12.372 
 
Figure 42 shows the mean ΔSUD Score for both groups combined by stimuli. 
 
Figure 42 ΔSUD Score Mean Grouped by Stimulus Type 
The results of the one-way ANOVA are shown in Table 48. 
Table 48 One-Way ANOVA of Stimuli (ΔSUD) 




Between Groups 406.144 5 81.229 .524 .758 
Within Groups 29443.422 190 154.965   
Total 29849.566 195    
 
With p-value of .758, there is no significant difference in ΔSUD based on stimulus type. 
Table 49 below does pairwise comparisons (LSD) for all possible pairs of stimuli p-
values. 
Table 49 LSD Multiple Comparisons of Stimuli (ΔSUD) 












Backpack Eye Contact 1.485 3.065 .629 -4.56 7.53 
Ball 2.879 3.065 .349 -3.17 8.92 
Startle Sound -.515 3.065 .867 -6.56 5.53 
Students Argue -.268 3.088 .931 -6.36 5.82 
Crowded Room -1.518 3.088 .624 -7.61 4.57 
Eye Contact Backpack -1.485 3.065 .629 -7.53 4.56 
Ball 1.394 3.065 .650 -4.65 7.44 
Startle Sound -2.000 3.065 .515 -8.05 4.05 
Students Argue -1.753 3.088 .571 -7.84 4.34 
Crowded Room -3.003 3.088 .332 -9.09 3.09 
Ball Backpack -2.879 3.065 .349 -8.92 3.17 
Eye Contact -1.394 3.065 .650 -7.44 4.65 
Startle Sound -3.394 3.065 .269 -9.44 2.65 
Students Argue -3.147 3.088 .310 -9.24 2.95 
Crowded Room -4.397 3.088 .156 -10.49 1.70 
Startle 
Sound 
Backpack .515 3.065 .867 -5.53 6.56 
Eye Contact 2.000 3.065 .515 -4.05 8.05 
Ball 3.394 3.065 .269 -2.65 9.44 
Students Argue .247 3.088 .936 -5.84 6.34 
Crowded Room -1.003 3.088 .746 -7.09 5.09 
Students 
Argue 
Backpack .268 3.088 .931 -5.82 6.36 




Ball 3.147 3.088 .310 -2.95 9.24 
Startle Sound -.247 3.088 .936 -6.34 5.84 
Crowded Room -1.250 3.112 .688 -7.39 4.89 
Crowded 
Room 
Backpack 1.518 3.088 .624 -4.57 7.61 
Eye Contact 3.003 3.088 .332 -3.09 9.09 
Ball 4.397 3.088 .156 -1.70 10.49 
Startle Sound 1.003 3.088 .746 -5.09 7.09 
Students Argue 1.250 3.112 .688 -4.89 7.39 
 
As expected, none of the pairwise comparisons are statistically significant. Given the 
effect sizes seen in this set of data, the sample size necessary to detect a significant result, 
if one exists, would be N = 330. 
 
Summary. Table 50 shows a summary for all dependent variables for hypothesis 
2. 
Table 50 Hypothesis 3 Summary 
Measure Stimuli 
ΔHeart Rate Significant 
ΔRMSSD Not Significant 
ΔRespiration Rate Not Significant 
ΔSUD Not Significant 
  
3.1.4. Hypothesis 4. There is a significant correlation between SUD score and Heart 
Rate, Heart Rate Variability and Respiration Rate.  
 Based on the results from the first 4 hypotheses, we determined to look 
specifically at ΔHeart Rate as ΔRMSSD and ΔRespiration Rate were not found to be 




largest response: startle sound and crowded auditorium. Table 51 shows the means for 
ΔSUD and ΔHeart Rate for the startle sound stimulus.  
Table 51 Means for ΔSUD and ΔHeart Rate for Startle Sound 
Descriptive Statistics Startle Sound 
 Mean Std. Dev N 
ΔSUD 7.24 10.093 33 
ΔHeart Rate 2.51 3.51299 29 
 
The Pearson Bivariate Correlation results are shown in Table 52.  
Table 52 Correlation of ΔSUD and ΔHeart Rate for Startle Sound 
Pearson Bivariate Correlation  
Startle Sound 
 ΔSUD ΔHeart Rate 
ΔSUD 1 -.208 
Sig.  .278 
ΔHeart Rate 33 29 
  
Even though the value of r is negative (r= -.208), it’s not significantly different from zero. 
There is no correlation for ΔSUD and ΔHeart Rate for the startle sound. Given the effect 
sizes seen in this set of data, the sample size necessary to detect a significant result, if one 
exists, would be N = 82. Table 53 shows the descriptive statistics for the crowded 
auditorium stimulus. 
Table 53 Means for ΔSUD and ΔHeart Rate for Crowded Auditorium 
Descriptive Statistics Auditorium 
 Mean Std. Dev N 
ΔSUD 7.63 10.785 32 





The Pearson Bivariate Correlation results are shown in Table 54.  
Table 54 Correlation of ΔSUD and ΔHeart Rate for Crowded Auditorium 
Pearson Bivariate Correlation  
Auditorium 
 ΔSUD ΔHeart Rate 
ΔSUD 1 .397 
Sig.  .040 
ΔHeart Rate 32 27 
 
We do have a significant positive correlation for crowded auditorium. The r =.397, with a 
p-value of 0.04. We can say that for the auditorium stimulus, as ΔHeart Rate increased, 
ΔSUD also tended to increase, and vice versa. Given the effect sizes seen in this set of 
data, the sample size necessary to detect a significant result, if one exists, would be N = 
82. 
3.1.5. Hypothesis 5. Behavior will be affected by both PTSD status and stimuli type. 
Table 55 is a summary of the two types of behaviors recorded during the experiment: 
avoiding and ignoring. Avoidance behavior was considered to be taking a route to avoid 
going near a stimulus or pausing for an extended amount of time before approaching a 
stimulus. The PTSD group had more than two times the amount of avoidance events than 
the non-PTSD group despite the fact that there were half as many in the PTSD than the 
non-PTSD group. It should be noted that a number of participants appeared reluctant to 
speak and had to be instructed a second time after getting to the front of the auditorium to 
give verbal directions to the virtual actors in the auditorium to quiet down. This was not 
recorded as avoidance. One PTSD participant paused a significant amount of time before 




behavior was considered to be behavior that dismissed the stimulus when a response 
would have been more appropriate. The non-PTSD group tended to ignore the eye 
contact stimulus; whereas, all but one in the PTSD either acknowledged the virtual actor 
or tried to avoid him altogether.  
Table 55 Behaviors by Stimulus and PTSD Group 
 Avoided Ignored 
Stimulus PTSD Non-PTSD PTSD Non-PTSD 
Backpack 2 1   
Eye Contact 3 1 1 6 
Ball  1   
Startle Sound 1    
Students Argue     
Crowded Room 1    
Total (Group N) 7 (13) 3 (25) 1 (13) 6 (25) 
  
3.2. Experiment 2 
For the second experiment, the stimuli of rolling ball, visual incongruity, and crowded 
auditorium were used in the third person perspective. Analysis of data collected from 
Experiment 2 is shown below.  
3.2.1. Hypothesis 6. Participants will have a higher sense of presence in first person than 
third person. 
Presence Scores. Presence scores were recorded in both first and third person 
perspectives. Responses to each question were recorded on a 0-6 Likert scale response of 
3 would be considered neutral (see Post-Experiment Questionnaires in Appendix A). The 
presence scores we compared were only those from participants who completed both first 
and third person experiment conditions (i.e. the five sets of scores from participants in 




1).   Presence scores for both the PTSD and non-PTSD groups were similar in first person 
except in the category of realism. The mean values for each of the presence sub-scales as 
well as total presence scores by group for first person are shown in Table 56.  
Table 56 Presence Scores for both Groups and Overall 
Presence Scores Spatial Involvement Realism General Total 
No Mean 4.10 3.79 2.58 4.24 3.58 
N 25 25 25 25 25 
Std. Deviation .80 .92 .81 1.23 .65 
Yes Mean 4.26 3.55 3.15 4.38 3.75 
N 13 13 13 13 13 
Std. Deviation .93 1.01 .64 1.12 .80 
Total Mean 4.15 3.71 2.77 4.29 3.64 
N 38 38 38 38 38 
Std. Deviation .84 .94 .80 1.18 .70 
 
Presence scores for first person versus third person are shown in Table 57. First person 
presence scores were higher overall and higher in each sub-scale even in the involvement 
sub-scale where tasks from each perspective were very similar in nature.  
Table 57 Presence Scores for First Person and Third Person 
Presence Scores Spatial Involvement Realism General Total 
First 
Person 
Mean 4.72 4.20 3.60 4.80 4.25 
Std. Deviation .52 .43 .20 .76 .30 
Third 
Person 
Mean 2.84 3.35 2.30 2.60 2.81 
Std. Deviation 1.53 .95 1.09 1.53 1.16 
 
Participant Feedback. At the conclusion of the second experiment, participants 
were asked questions regarding first person versus third person. These questions and the 
responses are shown in Table 58. 





How much focus did you place on Ethan, 
the virtual actor, in the beginning? 
None - 0 
A Little - 2 
A Lot - 3 
How much focus did you place on Ethan 
during the last few tasks? 
None - 0 
A Little - 4 
A Lot - 1 
Based on what you remember from 1st 
person, please compare and contrast two. 
- “1st person was more realistic.” 
- “1st person felt actually present. Real world 
scared me and caused me to relate things that 
had happened to me.” 
- “More present in 1st. Easier to connect. See 
more of the view in 1st.” 
- “3rd person felt removed.” 
- “3rd was disassociated.” 
- “My body movement wasn't present in 3rd 
which detracted.” 
- “3rd felt more like it would happen to Ethan.” 
Did you prefer 1st person or 3rd person?  1st Person - 5 
3rd Person - 0 
Why? - “Prefer 1st Person because I felt as if I could 
understand the environment better.” 
- “1st felt much more real. I felt responses and 
the surroundings were more intense.” 
- “1st felt more like I was there versus playing 
Ethan.” 
If you were asked to choose between the 
two perspectives for PTSD treatment, which 
would you choose? 
1st Person – 5 
3rd Person – 1 (one participant said both) 
Why? - “1st person is better because it gets you there.” 
- “Prefer 1st, new and intriguing, so real. I am 
not a gamer, 3rd person was not interesting.” 
- “Almost felt like 1st person during the tasks.” 
- “Reaction with 1st person is better.” 
- “For treatment, Ethan for less response and 
then move to 1st. 3rd would be like practice 
like holding someone's hand” 
 
 
3.2.2. Hypothesis 7. There will be a significant interaction between Stimuli and 




 For this hypothesis, we determined to look specifically at ΔHeart Rate and ΔSUD 
as ΔRMSSD and ΔRespiration Rate were not found to be statistically significant 
measures.  There were five participants in the second experiment, all with PTSD, but one 
participant was missing data from the first experiment due to nausea. Data analyzed were 
from those who completed both first person and third person experiments.  
ΔHeart Rate. Table 59 shows the within-subject factors for the second experiment.  
Table 59 Within-Subject Factors 1st and 3rd Person for ΔHeart Rate 
Within-Subjects Factors 
Stimuli Perspective Dependent Variable 
1 1 hr_1sound 
3 hr_3sound 
2 1 hr_1auditorium 
3 hr_3auditorium 
3 1 hr_1ball 
3 hr_3ball 
4 1 hr_1visual 
3 hr_3visual 
 
Table 60 shows the mean values for ΔHeart Rate for each stimulus in each of the 
perspectives.  
Table 60 Mean for ΔHeart Rate in Each Perspective by Stimuli 
 Mean Std. Deviation N 
ΔHR for 1st Person Sound 2.9825 2.16532 4 
ΔHR for 3rd Person Sound 5.7350 4.24401 4 
ΔHR for 1st Person Auditorium 18.7950 17.58024 4 
ΔHR for 3rd Person Auditorium 6.6800 3.75557 4 
ΔHR for 1st Person Ball .1150 5.00937 4 
ΔHR for 3rd Person Ball 1.4875 2.54313 4 
ΔHR for 1st Person Visual 2.4625 5.41353 4 





Figure 43 shows the scatterplot of ΔHeart Rate based on stimuli for each of the 
perspectives. Participant numbers are listed by each data point.  
 
Figure 43 Scatter Plot of Stimuli Type ΔHeart Rate in Each Perspective 
We analyzed the data using a repeated measures ANOVA as shown in Table 61. 
Table 61 Repeated Measures Anova for Perspective, with Stimuli, for ΔHeart Rate 
Tests of Within-Subjects Effects ΔHeart 
Rate 















718.816 3 239.605 2.601 0.117 0.464 0.45 
  Greenhouse-
Geisser 
718.816 1.089 659.961 2.601 0.2 0.464 0.22 
  Huynh-Feldt 718.816 1.233 582.815 2.601 0.192 0.464 0.24 





829.066 9 92.118 




829.066 3.268 253.728 





Huynh-Feldt 829.066 3.7 224.069 
    
 
Lower-bound 829.066 3 276.355 
    
Perspective Sphericity 
Assumed 
48.511 1 48.511 2.201 0.235 0.423 0.184 
  Greenhouse-
Geisser 
48.511 1 48.511 2.201 0.235 0.423 0.184 
  Huynh-Feldt 48.511 1 48.511 2.201 0.235 0.423 0.184 





66.118 3 22.039 




66.118 3 22.039 
    
 
Huynh-Feldt 66.118 3 22.039 
    
 
Lower-bound 66.118 3 22.039 





270.874 3 90.291 2.61 0.116 0.465 0.451 
  Greenhouse-
Geisser 
270.874 1.166 232.318 2.61 0.195 0.465 0.231 
  Huynh-Feldt 270.874 1.452 186.494 2.61 0.179 0.465 0.269 





311.369 9 34.597 




311.369 3.498 89.016 
    
 
Huynh-Feldt 311.369 4.357 71.458 
    
 
Lower-bound 311.369 3 103.79 
    
a Computed using alpha = .05 
       
 
No significant differences were found; however, it should be noted that due to an 
extremely small sample size, experiment 2 should be treated as a case study.  
ΔSUD. Table 62 shows the within-subject factors for the second experiment.  
Table 62 Within-Subject Factors 1st and 3rd Person for ΔSUD 
Within-Subjects Factors 
Stimuli Perspective Dependent Variable 
1 1 sud_1sound 
3 sud_3sound 
2 1 sud_1auditorium 
3 sud_3auditorium 





4 1 sud_1visual 
3 sud_3visual 
 
Table 63 shows the mean values for ΔSUD for each stimulus in each of the perspectives. 
Table 63 Mean for ΔSUD in Each Perspective by Stimuli 
 Mean Std. Deviation N 
ΔSUD for 1st Person Sound 16.25 13.769 4 
ΔSUD for 3rd Person Sound 12.50 8.660 4 
ΔSUD for 1st Person Auditorium 11.25 18.428 4 
ΔSUD for 3rd Person Auditorium .00 4.082 4 
ΔSUD for 1st Person Ball 10.00 14.142 4 
ΔSUD for 3rd Person Ball 5.00 5.774 4 
ΔSUD for 1st Person Visual 23.75 17.970 4 
ΔSUD for 3rd Person Visual 5.00 5.774 4 
 
Figure 44 shows the scatterplot of ΔSUD based on stimuli for each of the perspectives. 






Figure 44 Scatter Plot of Stimuli Type ΔSUD in Each Perspective 
We analyzed the data using a repeated measures ANOVA as shown in Table 64. 
Table 64 Repeated Measures ANOVA for Perspective, with Stimuli, for ΔSUD 
Tests of Within-Subjects Effects ΔSUD 















Assumed 502.344 3 167.448 2.272 0.149 0.431 0.399 
  
Greenhouse-
Geisser 502.344 1.166 430.934 2.272 0.221 0.431 0.208 
  Huynh-Feldt 502.344 1.452 346.039 2.272 0.208 0.431 0.24 




Assumed 663.281 9 73.698     
 
Greenhouse-
Geisser 663.281 3.497 189.665     
 Huynh-Feldt 663.281 4.355 152.3     
 Lower-bound 663.281 3 221.094     
Perspective 
Sphericity 






Geisser 750.781 1 750.781 1.883 0.264 0.386 0.165 
  Huynh-Feldt 750.781 1 750.781 1.883 0.264 0.386 0.165 











4 3 398.698     
 Huynh-Feldt 
1196.09
4 3 398.698     
 Lower-bound 
1196.09




Assumed 283.594 3 94.531 1.862 0.206 0.383 0.332 
  
Greenhouse-
Geisser 283.594 1.252 226.475 1.862 0.258 0.383 0.187 
  Huynh-Feldt 283.594 1.722 164.736 1.862 0.244 0.383 0.229 




Assumed 457.031 9 50.781     
 
Greenhouse-
Geisser 457.031 3.757 121.66     
 Huynh-Feldt 457.031 5.165 88.494     
 Lower-bound 457.031 3 152.344     
a Computed using alpha = .05 
   
 
No significant differences were found; however, it should be noted that due to an 
extremely small sample size, experiment 2 should be treated as a case study.  
4. Discussion 
This study focused on determining specific major design component 
recommendations for VEs to aid in developing systems that are the most effective for the 
military veteran participant. I investigated types of stimuli in the first experiment and 
whether perspective plays a role with regard to design and what role sense of presence 
plays for those with PTSD in the second experiment. In order to determine those 
recommendations, multiple VEs had to be created and measures had to be selected and 




Student Success Building at Wright State University, rather than a war zone as was the 
focus of many previous VE/PTSD studies.  Stimuli selected were based on previous 
research as well as feedback from veterans with PTSD who were associated with the 
Dayton VA. The measures used included physiological data (heart rate, heart rate 
variability, and respiration rate), feedback data (SUD scores) and behavioral data. The 
paragraphs below discuss those measures as well as each of the hypotheses presented 
previously.  
Measures 
ΔHeart Rate. The Bitalino device and 3-lead ECG sensor combined with the 
QRS tool, made heart rate data collection and parsing somewhat laborious. Of all the 
physiological measures collected, it appeared to be the most reliable from a data validity 
standpoint. Overall signals contained very little noise save two participants whose data 
were not used due to the noise.  
ΔHeart Rate Variability. The Bitalino device and 3-lead ECG sensor combined 
with the QRS tool, also made heart rate variability (RMSSD) collection and parsing 
somewhat laborious. Despite previous studies finding that increased stress led to 
decreased HRV, this was not the case for this study. Although Munoz et al. (2015) found 
that ultra-short (10 seconds) RMSSD analysis to be a valid method, many studies 
recommend a minimum of 60 seconds or more of data collection per event.  
ΔRespiration Rate. The Bitalino device and respiration rate strap sensor 
combined with the QRS Tool made respiration rate data collection and parsing extremely 
difficult and unreliable. Unlike cardiac signals, respiration rate signals are messy at best. 




placement matters and should be dependent upon the participant’s breathing type. Noise 
is also easily introduced with an incorrectly tightened chest strap, and the only way to 
determine the tightness is to ask the participant if the strap feels too loose or too tight 
after explaining how the chest strap works. The participant has no real way of knowing 
the answer to that question, nor does the experimenter. Movement also impacts the chest 
strap sensor so rotating in a chair added to noise in the signal. Determining the breaths 
per minute was a manual process that required viewing the signal and counting 
expansions and contractions after a stimulus. A number of times it was a rough guess as 
to whether an actual expansion had begun or ended.  
ΔSUD Score. Before the experiment began, the experimenter explained certain 
anchor points on the SUD score scale while the participant viewed the scale. Specifically 
values 0, 30, 50, 70 and 100 were explained to each participant. The participant was then 
asked to give an initial SUD score while viewing the SUD score scale to assist participant 
familiarity with the scores. The participant was also asked for a SUD score in the tranquil 
garden to obtain a baseline value. In most cases, the participant reported a SUD score 
value either equal or slightly higher in the Student Success Center environment, but in a 
few cases the SUD score was less than the baseline garden score. In these cases, it 
appeared that some participants became more comfortable with time and/or while putting 
focus on tasks.  
Participant Data Exclusion 
Nausea can have a significant impact on heart rate and respiration rate. In Figure 
45, an example from the first experiment of that effect is shown in respiration. Nausea 




stimulus, it is not a response to the stimulus of interest. Figure 45 shows a participant’s 
respiration signal before feeling nauseous, and that same participant’s respiration signal 
once nausea sets in.  
 
Figure 45 Respiration Rate No Nausea (Left) versus Respiration Rate with Nausea (Right) 
Once nauseous, the respiration response from an external stimulus is all but 
impossible to determine. Nausea also causes an increase in heart rate (Nalivaiko, Davis, 
Blackmore, Vakulin, & Nesbitt, 2015). Due to these factors, I chose to exclude 
participants who reported nausea from heart rate, respiration rate, and SUD analysis. Of 
the six individuals who failed to complete the experiment due to nausea, three had 
previous motion or simulation sickness. There were a few participants who did not 
become nauseous until after completion of some of the tasks. Their data prior to 
becoming nauseous were included in analysis.  
Despite the temperature in the lab being 68 degrees Fahrenheit, a number of 
participants remarked they felt hot and reported perspiring after finishing the simulation 
in the first experiment. Of the 38 participants, 5 reported slight sweating, 6 reported 
moderate sweating, and 3 reported severe sweating. Those in the moderate to severe 
category were either in the PTSD group, or nausea suffers, or both. Sweating is both a 




determine the source of the response before assuming the participant has experienced 
nausea. 
Ectopic beats and noisy signals are always a concern when analyzing cardiac data. 
Ectopic beats occur when there is a disturbance in a person’s heart rhythm. Most people 
experience them occasionally and others more frequently.  These were seen in the data of 
some of the participants and could be easily identified by spikes in the inter-beat interval 
graph. If an ectopic beat or other artifacts (as indicated by CMetX) were present during 
the ten second window used to analyze stimulus response, I chose to not include the data 
for that particular stimulus for analysis as it has an impact on the accuracy of the data 
collected. Noisy data that were not able to be analyzed correctly were also excluded from 
the results.  In two cases, the entire run of participant heart rate data collected was too 
noisy for accurate analysis as indicated by CMetX, so these data were not used. While 
respiration rate data were not impacted by ectopic beats, noisy signals were an issue.  
Respiration rate signals that were too noisy to be quantified were not included in the 
results. 
Hypotheses Summaries 
In the summaries below, please note that any references to the measures refer to the delta 
(Δ) measure (i.e. the difference between the baseline value and stimulus response value) 
when referenced. The delta has been omitted to increase ease of reading.  
Experiment 1. For Hypothesis 1, I was primarily looking at the interaction 
between PTSD and stimuli.  I surmised that the interaction would be ordinal where 
participants with PTSD would have higher Heart Rate, Respiration Rate, SUD Score, and 




had a significant interaction between PTSD and stimuli. This indicated that the 
participants in the PTSD group reacted differently to the stimuli than those in the non-
PTSD group. Based on the fact that each stimulus fell into a different category (sound, 
visual, social, etc.), and each participant had differing causes of PTSD, it is expected that 
the participants would respond differently to different stimuli.  
Heart rate, respiration rate and RMSSD did not have an interaction between 
PTSD and stimuli. This analysis showed that heart rate response was significantly 
different for those with PTSD than the non-PTSD group, and significantly different based 
on the type of stimulus. While there was no interaction, those with PTSD did have a 
detectable difference in heart rate response within the virtual environment. The initial 
design of this experiment included only heart rate and respiration rate. RMSSD was 
evaluated based on a committee member suggestion. The QRSTool also provided 
RMSSD values along with heart rate values which made RMSSD analysis possible 
without a significant amount of added effort. Most likely the experiment design would 
need to be modified to allow for collection of RMSSD data for at least 60 seconds after a 
stimulus to obtain accurate and reliable values. As discussed in the measures section 
previously regarding respiration rate, respiration signals were difficult to interpret. 
Further study and more accurate methods are necessary to verify the interaction results.  
For Hypothesis 2, I hypothesized that those with PTSD would have a greater 
response in Heart Rate, Respiration Rate, SUD Score, and lower Heart Rate Variability 
than those who do not have PTSD. Of all the measures, heart rate appeared to be the only 
measure that showed a significantly greater response in those with PTSD. I do find it 




however, the effect size was very small, so I am not confident of the result. RMSSD was 
also not significant, but I find it suspect that PTSD group had a larger mean than did the 
non-PTSD. Previous studies have shown that those with PTSD seem to have less heart 
rate variability (smaller RMSSD) than those who do not have PTSD (Fonkoue et al., 
2018) and that an increase in stress should lead to a decrease in HRV (Rodrigues et al., 
2018).  My belief is that in order to use RMSSD, the experiment design would need to be 
modified to allow for collection of RMSSD data for at least 60 seconds after a stimulus. 
As discussed in the measures section previously regarding respiration rate, respiration 
signals were difficult to interpret. If further studies are completed using respiration rate, I 
suggest using a different system that captures a more accurate signal and uses appropriate 
filtered and tested algorithms to calculate respiration rate response. Another option might 
be to use the ECG signal to derive an estimated respiration rate.  
Hypothesis 3 focused on stimulus type effect on Heart Rate, Heart Rate 
Variability, Respiration Rate, and SUD Score. This hypothesis looks across both groups 
rather than focusing on each group. Heart Rate appeared to be the only measure 
significantly affected by the stimulus type. From discussions with participants, it became 
apparent that the impact a particular stimulus had on an individual depended largely on 
the source of that individual’s trauma. Participants who specified childhood trauma, for 
example, had a stronger response for the direct eye contact stimulus than other stimuli. 
Participants who had PTSD tended to have a larger response for both heart rate and SUD 
score for the startle reflex. Participants who had past experience with explosions tended 
to have more of a response to the unattended backpack than those who had not.  A 




but there were exceptions. When looking at stimulus type in the future, it would follow 
that the experimenter either tailor the environment to better match participant past trauma 
(i.e. allow configurability) or be very specific in the type of participant (and participant’s 
trauma type) recruited based on the design of the environment.  
Hypothesis 4 focused on the correlation between SUD score and Heart Rate, 
Heart Rate Variability and Respiration Rate for all participants. Based on the results from 
the first three hypotheses, we determined to look specifically at heart rate and SUD score 
as RMSSD and respiration rate were not found to be statistically significant measures. 
We also focused on the two stimuli that caused the largest response: startle sound and 
crowded auditorium. We found that SUD score and heart rate were correlated in the case 
of crowded auditorium but were not correlated in the case of the startle sound. This result 
is ambiguous and further study is necessary to understand if there is a correlation between 
SUD and heart rate. Another approach might be to focus specifically on those with PTSD 
when determining correlation as those who do not have PTSD often have minimal SUD 
score differences between baseline and response except in the case of speaking in front of 
a crowded room. Interestingly, I noticed that there appeared to a difference between some 
participants’ perceptions of their response (SUD) and their physiological response (heart 
rate). A few participants remarked that they were surprised that speaking in front of the 
crowded auditorium was easier than they expected it to be, but their heart rate response 




physiological response and emotional response. They most likely were considering their 
response relative to talking in front of a live audience.  
Hypothesis 5 looked specifically at participant behavior. I hypothesized that it 
would be affected by both PTSD status and stimuli type. We found that those with PTSD 
did present more avoidance behavior than those without PTSD. Of the thirteen 
participants with PTSD, seven avoided something in the environment while only three of 
the twenty-five without PTSD attempted to avoid any stimuli. Eddie and the backpack 
were the most avoided stimuli by the PTSD group. Interestingly, those with PTSD had 
less ignoring type of behavior than the non-PTSD. Six in the non-PTSD group 
completely ignored Eddie, the virtual actor, while he asked a question; whereas, only one 
in the PTSD ignored him. I assume the heightened fear state in the PTSD group would 
make them more likely to avoid him while also making him very difficult to ignore.  
I used the results of the first experiment to inform the design of the second 
experiment. Although I collected all measures during the second experiment, we focused 
only on heart rate and SUD score as the other measures were not significant. We also 
used four stimuli for the second experiment based on the outcome of the first experiment 
(see Figure 46). The crowded auditorium had the largest heart rate response of all the 
stimuli for both the PTSD and non-PTSD group. Moving from first person to third person 
presented a large change when it came to walking in front of a large group and speaking 
so this was certainly an area of interest.  The startle sound also had an impact on both 
heart rate and SUD score, primarily on the PTSD group, so it was included in the second 
experiment. Unlike crowded room, startle sound should not logically be impacted by 




from those with PTSD so a similar stimulus (abandoned military clothing with ringing 
cell phone) was included in the second experiment. Direct eye contact was not used in the 
second experiment as direct eye contact is largely a first person only experience. The 
fourth stimulus of the rolling ball was included in the second experiment to simply 
lengthen the time the participant spent in the virtual environment. 
 
Figure 46 Mean ΔHeart Rate and ΔSUD for Stimuli for PTSD Group in Experiment 1 
Experiment 2. Hypothesis 6 focused on sense of presence. I surmised that 




discussed previously, research has found that first person evokes a stronger sense of 
presence than third person.  This study agreed with those findings.  Total presence and 
sub-scores showed that participants who completed both first and third person 
experiments rated first person much higher than third person. Participant feedback also 
confirmed that first person felt more realistic. Interesting the one participant who was 
unable to complete first person due to nausea during the entire session still preferred first 
person to third. Two of the participants remarked that they were not concerned about 
what was happening because it was happening to Ethan, the virtual actor, rather than to 
them. All participants preferred the concept of being fully immersed in the environment 
with a 360-degree view of the building interior due to the enhanced realism and sense of 
presence.   
From an observer’s perspective, there was a large difference in response from first 
person to third person. The participants appeared to move quickly through the third 
person environment without much reaction unlike the first perspective. There were 
significant pauses in response to stimuli in first person where in third there were very few 
pauses. Participants appeared to “breeze” through almost all of the third person stimuli. 
One exception to this was the loud noise stimulus. The book dropping sound, which was 
extremely close to the sound of a gunshot, had a very obvious impact on a few of the 
participants in third person. While the second experiment had a much smaller sample size 
than I would have preferred, I am confident that increasing the sample size would give 
similar results. There are at least two scenarios, however, that could possibly lend 
themselves to using third person. In this experiment, PCL-5 scores ranged from 32 to 53 




could be too reactive to the first person environment which could be more harmful than 
helpful. Starting these participants in a third-person perspective might be a useful 
stepping-stone. Also, as pointed out by Dr. Michael Miller and a study participant, there 
are cases where unmanned aerial vehicle (UAV) operators had trauma leading to PTSD 
occur while viewing scenarios with other individuals real-time through video. Since third 
person is similar in nature to the type of trauma the individual experienced, third person 
should be considered.  
Hypothesis 7 focused on the interaction between Stimuli and Perspective with 
participants who have PTSD. Based on the results from the first experiment, we 
determined to look specifically at ΔHeart Rate and ΔSUD score as ΔRMSSD and 
ΔRespiration Rate were not found to be statistically significant measures. The results 
showed there was no interaction between stimulus type and perspective for either 
measure. It should be noted that data for only four participants were available so these 
results should be treated as suspect. Logically it would seem that stimulus type should 
interact with perspective as some stimuli are visual and others are auditory. This should 
be investigated further in future studies. 
Summary  
In this study, our goal was to help determine effective guidelines to assist in  
future VE development for veterans with PTSD. Results indicate that VEs other than 
virtual combat zones can elicit behavioral, emotional and physiological responses in 
those with PTSD. We found that a crowded room and a startle sound within the 
environment caused a significant response in those with PTSD and should be considered 




selection of other stimuli used. Results indicated system designers should choose first 
person perspective as it elicits emotional, behavioral, and physiological responses from 
veterans with PTSD, and those with PTSD also prefer this type of system to third person. 
Previous research has discovered a need for an individual with PTSD to be emotionally 
invested during therapy, and our study found that participants felt a stronger sense of 
“being there” or presence  in a first person system. Many previous PTSD/VE studies have 
used first person design, and we have demonstrated that choice was a sound design 
decision.  
 Just as with all systems, there are many human factors considerations to address 
in the design. The system was created to be easy to use and took a minimal amount of 
training. With the swivel chair navigation design, very few participants experienced 
cyber sickness which tends to be a large problem in first person navigation. The VE 
design was based on previous research as well as veteran input, and we received many 
positive comments from both PTSD and non-PTSD participants alike. This type of 
system certainly has value as it is designed to help those who have served our country, 
and veterans who are reluctant to re-experience a combat zone might be willing to seek 
treatment that they otherwise might avoid.  
Future Research 
Ultimately, this concept could be used to provide an avenue for those with PTSD 
the ability to practice and learn coping mechanisms before having to negotiate these type 
of obstacles in real life. Future studies may look into additional stimuli as well as 
responses based on the individual’s past trauma. With an increased VE area size, such as 




allow more time between stimuli. Respiration rate effectiveness as a measure could also 
be studied with a more accurate collection method. Having a participant rehearse in the 
VE and then comparing their confidence and comfort levels to travelling along the actual 
campus compared to the confidence and comfort levels of those who did not have the 
opportunity to use the VE is also of interest. Also, researching both the preference and 
therapy results of veterans to using non-combat VEs versus combat VEs could prove 








With over 7.7 million Americans affected by PTSD (National Institutes of Health, 
2009), virtual environments are a promising platform to help treat those suffering. 
Previous research has shown that exposure therapy in virtual combat zones can be 
successfully used to treat those with PTSD. Based on the participants in this study, those 
with PTSD are interested in VEs as well as open to using VEs for PTSD treatment.  This 
research was conducted to help inform the design of systems that let veterans rehearse in 
a safe environment before having to physically step into that environment.  For this study, 
a fully-functional prototype system was created using a suitable hardware package that 
was both mobile and cost effective at a price point of less than $5000 per system. Design 
choices with these types of systems must be studied and understood to help develop the 
appropriate system for the given tasks. This research focused on establishing design 
guidelines for a non-combat environment that would be effective for the military veteran 
participant with PTSD. To determine guidelines, this study evaluated participant response 
to six stimuli as suggested by those with PTSD and PTSD research: startle sound, a 
crowded room, a misplaced object, social conflict, direct eye contact and horizontal 
movement across a visual field.  Individuals with PTSD have been shown to have an 
increased physical response to startle sound (Orr & Roth, 2000). In previous research, 
those with PTSD have been shown to have a hypersensitivity to threat (Wilson and 
Keene, 2004), and a veteran panel recommended stimuli include a crowded room, 
abandoned item, and students arguing. Individuals with PTSD have also been shown to 




suggests there is a link between PTSD and eye movement (Rodriguez, 2013). Based on 
these stimuli, two types of system perspectives, first person and third person, and the role 
of presence in those two perspectives were also considered. Measures used included 
participant behavior, feedback, and physiological responses including heart rate, heart 
rate variability, and respiration rate.  
Findings indicated the most effect system design would include a default set of 
stimuli that could be configured to allow focus on specific traumas experienced by the 
individual, perhaps with the ability to vary the intensity of the stimulus. Those stimuli 
should include a crowded auditorium and startle reflex scenario as veterans with PTSD 
have a significant response to those two stimuli. Selection of other stimuli for participants 
should be based on participant past trauma. A first person design with a head mounted 
display should be the primary system choice except in the cases of individuals with 
previous motion sickness who should be tested for cyber sickness in a neutral first person 
VE before being exposed in a therapeutic setting. Designing a system that will diminish 
nausea using both hardware and software techniques is a requirement, but it must be 
balanced delicately with realism and the sense of presence. This balance is best achieved 
with user input and testing during the design process. While a higher sense of presence 
might not be necessary for increased individual task performance, it is likely necessary 
for a physiological response from an individual as well as for the emotional engagement 
required for PTSD treatment. The participants found first person perspective much more 
engaging and threatening than third person.   
This research found that changes in heart rate are significantly different in those 




response in those with PTSD, and SUD scores give further insight into how the 
individual is reacting to the stimulus. RMSSD and respiration rate results were 
ambiguous, but future research using different methods should be considered.   
Behavioral information can also be used by a therapist or an automated system as an 
indicator of participant response to a stimulus.  Experiencing stimuli in VEs can also help 
individuals open up and describe their own past traumatic experiences which is a key 
component in trauma therapy. Often after experiencing the VE, the participant would 
relate past trauma to a stimulus in the environment.  The type of trauma experienced, 
from childhood trauma to sexual trauma to combat trauma, should play an important role 
designing the environment and selecting the stimuli used. While combat zone VEs are 
one option, some individuals are not willing to re-experience that type of scenario but are 
more willing to enter an environment that could have possible triggers in a non-combat 
environment.  Findings of this study imply that VEs other than virtual combat zones can 
elicit behavioral, emotional and physiological responses in veterans with PTSD, and 
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Appendix A. Questionnaires  
Pre-experiment Questionnaires  
Demographics 
Instructions: Complete the following items as accurately as possible. Feel free to ask for clarification on 
any items. 
 
Participant ID________ Age __________ Gender__________ 
 
1.  What is your occupation? (If student, also include your major) 
______________________ 
 
3. Have you ever used a virtual reality headset? Yes   /   No    
 
4. Are you prone to dizziness or car sickness? Yes   /   No    
 
5. Do you have normal vision or corrected to normal vision (acuity and color)? Yes   /   
No    
 
6. Do you have normal hearing or corrected to normal hearing? Yes   /   No    
 
7. Do you have a pacemaker? Yes   /   No    
 
8. Approximately how many hours of sleep did you get last night? ________ hours 
 
9. Are you on any medications that might alter your alertness or concentration? Yes   /   
No   
 
10. Do you consume caffeine regularly? Yes   /   No     
 If Yes: Approximately how many cups have you consumed in the last 8 hours? 
______ 
 
11. In the past 24 hours, which, if any, of the following substances (including alcohol) 
have you used? Please circle all that apply.  
a) Sedatives or tranquilizers  
b) Decongestants  
c) Anti-histamines  
d) Other  
e) None 
 
12. Have you served in the military? Yes   /   No    
If Yes: How long? _____ Have you been deployed?  Yes   /   No     




13. Have you been diagnosed with post-traumatic stress disorder by a medical professional?    
Yes   /   No    
 
14. Do you believe you may have post-traumatic stress disorder caused by any traumatic 
experience (civilian or military)?   Yes   /   No    
 
15. Have you spent much time in the Student Success Building at Wright State? Yes   /   
No    
 
Big Five Inventory-10 (BFI-10) 
 
Participant #: ________________   Date:_______________ 
 
 
Figure 47 BFI- 10 (Rammstedt & John, 2007) 
PCL-5 (Weathers et al., 2013) 
Participant #: ________________      Date #:__________________ 
Instructions: Below is a list of problems that people sometimes have in response to a very 
stressful experience. Please read each problem carefully and then circle one of the 

















1. Repeated, disturbing, and unwanted memories 
of the stressful experience? 0 1 2 3 4 
2.   Repeated, disturbing dreams of the stressful 
experience? 
 
0 1 2 3 4 
3. Suddenly feeling or acting as if the stressful 
experience were actually happening again (as if 











4. Feeling very upset when something reminded 
you of the stressful experience? 0 1 2 3 4 
5. Having strong physical reactions when something 
reminded you of the stressful experience (for 












6. Avoiding memories, thoughts, or feelings 
related to the stressful experience? 0 1 2 3 4 
7. Avoiding external reminders of the stressful 
experience (for example, people, places, 











8. Trouble remembering important parts of the 
stressful experience? 0 1 2 3 4 
9.  Having strong negative beliefs about yourself, 
other people, or the world (for example, having 
thoughts such as: I am bad, there is something 
seriously wrong with me, no one can be 











10. Blaming yourself or someone else 
for the stressful experience or 
what happened after it? 
0 1 2 3 4 
11. Having strong negative feelings such as fear, 
horror, anger, guilt, or shame? 0 1 2 3 4 
12. Loss of interest in activities that you used to 
enjoy? 
0 1 2 3 4 
13. Feeling distant or cut off from other people? 0 1 2 3 4 
14. Trouble experiencing positive feelings (for 
example, being unable to feel happiness or have 











15. Irritable behavior, angry outbursts, or acting 
aggressively? 
0 1 2 3 4 
16. Taking too many risks or doing things that 
could cause you harm? 0 1 2 3 4 
17. Being “superalert” or watchful or on guard? 0 1 2 3 4 
18. Feeling jumpy or easily startled? 0 1 2 3 4 
19. Having difficulty concentrating? 0 1 2 3 4 




Trauma History Screen 
 
Participant #: ________________      Date #:__________________ 
 
Trauma History Screen  
The events below may or may not have happened to you. Circle “YES” if that kind of thing 
has happened to you or circle “NO” if that kind of thing has not happened to you. If you 
circle “YES” for any events: put a number in the blank next to it to show how many times 
something like that happened.  
Number of times 
something like 
this happened  
A. A really bad car, boat, train, or airplane accident    NO YES _____  
B. A really bad accident at work or home     NO YES _____  
C. A hurricane, flood, earthquake, tornado, or fire    NO YES _____  
D. Hit or kicked hard enough to injure - as a child    NO YES _____  
E. Hit or kicked hard enough to injure - as an adult   NO YES _____  
F. Forced or made to have sexual contact - as a child    NO YES _____  
G. Forced or made to have sexual contact - as an adult   NO YES _____  
H. Attack with a gun, knife, or weapon     NO YES _____  
I. During military service - seeing something horrible or being badly  
scared          NO YES _____  
J. Sudden death of close family or friend     NO YES _____  
K. Seeing someone die suddenly or get badly hurt or killed   NO YES _____  
L. Some other sudden event that made you feel very scared,  NO YES_____  
helpless, or horrified.  
M. Sudden move or loss of home and possessions.    NO YES _____  
N. Suddenly abandoned by spouse, partner, parent, or family.   NO YES _____  
  
Did any of these things really bother you emotionally?   NO YES 
 
 






During-experiment Questionnaires  
Subjective Units of Discomfort (SUD) for Triggers 
 
 
Trigger SUD (0-100) 
Baseline  
Garden  
Sound (Door)  
Visual Incongruity (Backpack)  
Object Acceleration in Visual Field 
(Ball) 
 
Eye Contact (Eddie)  
Social Stress (Student’s Arguing)  





Simulator Sickness Questionnaire (SSQ) 
 
No              Date   
SIMULATOR SICKNESS 
QUESTIONNAIRE 
Kennedy, Lane, Berbaum, & Lilienthal (1993)*** 
Instructions: Circle how much each symptom below is affecting you right now. 
1.   General discomfort None Slight Moderate Severe 
2.  Fatigue None Slight Moderate Severe 
3.  Headache None Slight Moderate Severe 
4.   Eye strain None Slight Moderate Severe 
5.   Difficulty focusing None Slight Moderate Severe 
6.   Salivation increasing None Slight Moderate Severe 
7.  Sweating None Slight Moderate Severe 
8.  Nausea None Slight Moderate Severe 
9.   Difficulty concentrating None Slight Moderate Severe 
10. « Fullness of the Head » None Slight Moderate Severe 
11. Blurred vision None Slight Moderate Severe 
12. Dizziness with eyes open None Slight Moderate Severe 
13. Dizziness with eyes closed None Slight Moderate Severe 
14. *Vertigo None Slight Moderate Severe 
15. **Stomach awareness None Slight Moderate Severe 
16. Burping None Slight Moderate Severe 
 
* Vertigo is experienced as loss of orientation with respect to vertical upright. 
** Stomach awareness is usually used to indicate a feeling of discomfort which is just 
short of nausea. 
 
Last version: March 2013***Original version : Kennedy, R.S., Lane, N.E., Berbaum, 
K.S., & Lilienthal, M.G. (1993). Simulator Sickness Questionnaire: An enhanced 
method for quantifying simulator sickness. International Journal of Aviation 
Psychology, 3(3), 203-220. 
 
Figure 49 SSQ (Kennedy, Lane, Berbaum, & Lilienthal, 1993) 
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Presence Questionnaire (Schubert, Regenbrecht, & Friedmann, 2016) 
Please indicate, whether or not each statement applies to your experience. There are no right 
or wrong answers, only your opinion counts. 
 
How aware were you of the real world surrounding while navigating in the virtual world? (i.e. 
sounds, room temperature, other people, etc.)?  
extremely aware 
       
not aware at all 
  0 1 2 3 4 5 6   
  moderately aware 64/inv1/0 
 
How real did the virtual world seem to you?   
completely real  
      not real at all 
  0 1 2 3 4 5 6 48/real1r/1 
 
I had a sense of acting in the virtual space, rather than operating something from outside.   
fully disagree  
      fully agree 
  0 1 2 3 4 5 6 31/sp4/2 
 
How much did your experience in the virtual environment seem consistent with your real world 
experience?  
not consistent 
       very consistent 
  0 1 2 3 4 5 6   
  moderately consistent 7/real2/3 
 
How real did the virtual world seem to you?  
about as real as an 
imagined world 
 
      indistinguishable from 
the real world 
  0 1 2 3 4 5 6 59/real3/4 
  
 
I did not feel present in the virtual space.   
did not feel 
       felt present 




I was not aware of my real environment.   
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 37/inv2/6 
 
In the computer generated world I had a sense of "being there"  
not at all 
       very much 
  0 1 2 3 4 5 6 62/g1/7 
 
Somehow I felt that the virtual world surrounded me.   
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 44/sp1/8 
 
I felt present in the virtual space.  
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 33/sp5/9 
 
I still paid attention to the real environment.   
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 40/inv3r/10 
 
The virtual world seemed more realistic than the real world.   
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 47/real4/11 
 
I felt like I was just perceiving pictures.   
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 30/sp2r/12 
 
I was completely captivated by the virtual world.  
  
fully disagree 
       fully agree 
  0 1 2 3 4 5 6 38/inv4/13 
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Appendix B. Study Scripts  
Experiment 1 
Pre-Study Setup (to be done prior to participants arriving) 
1. Remove all Hardware 
a. Setup sensors at least 3 feet apart 
b. Setup rear sensor to be in line with one of the front sensors 
c. Plug all sensors and Oculus into powered USB hub 
d. Plug headset into HDMI port 
2. Check that Onboard Bluetooth is off 
a. Open Device Manager 
b. Expand Bluetooth 
c. Ensure Intel Wireless Bluetooth is disabled 
i. If not, right click Intel Wireless and select Disable, say Yes 
ii. Generic Bluetooth should have no decoration icons 
iii. If decoration icons are present, unplug and plug Bluetooth dongle 
3. Turn on Bitalino 
a. Use switch on Bitalino to power on, look for LED to light 
4. Check Sensors 
a. Go to Bluetooth and Other Devices 
b. Look for “Other Devices” 
i. Check for paired Bitalino 
ii. Check for 3 Rift Sensors 
5. Check Bitalino COM Port 
a. Open Control Panel 
b. Select Devices and Printers, select Bitalino 
c. Double Click Services and verify COM3 
6. Setup Oculus Boundaries 
a. Open Oculus App 
b. Select to Configure Rift Boundaries 
c. Follow onscreen instructions 
7. Open Unity  
a. Select VA-Version-Dev 
b. Open Scenes Folder 
c. Double click Main_Menu Monitor Screen 





Study Script Outline 
 
1. Introduction 
2. Opening Questionnaires 
3. Equipment Setup 
a. Rotating Chair 
b. Respiration Rate Monitor 
c. Heart Rate Sensors 
d. Oculus Touch Controllers 
e. Oculus Headset 
4. Training / Baseline 
a. Begin Unity Main Screen 
b. Enter participant information 
c. Select Garden 
d. Instruct participant using script 
e. End Training 
5. Task  
a. Begin Unity Main Screen 
b. Enter participant information  
c. Select either Group A or B 
d. Instruct participant using script A or B 





Study Script Details 
 
[Print this page to the end of the document to create a packet for each participant] 
Introduction 
Thank you for your willingness to participate in today’s study. My name is 
_______________. The goal of today’s session is to test a virtual environment so that we 
can obtain an understanding of how systems can be designed in the future to help those 
dealing with Post-Traumatic Stress. The entire process should take approximately 45 
minutes. This is not a test of your performance or abilities.  The purpose of this study is 
to understand specific major design components of virtual environments used to aid in 
treatment of post-traumatic stress disorder in military veterans. The results will help the 
research community understand how virtual environment design and interaction can be 
tailored for more effective performance in future systems.  We appreciate any comments 
and if you have questions, feel free to ask me. Your participation is completely voluntary, 
and you may withdraw at any time.  Your feedback is kept confidential; your name will 
not be associated with any comments or results.   
 
Please read over the informed consent document [Hand participant the IC document 
and ask them to read and sign] 
 
Do you have any questions for me before we get started? 
 
In this study, you will sit while wearing a virtual reality headset and heart rate, respiration 
rate sensors, pulse sensor and perform multiple tasks in a virtual representation of two 
environments. First let’s complete some surveys.  
 
[Hand participant the surveys] 
 
These surveys are demographics (which is general information about you), PTSD 
Checklist for DSM-5, Trauma History Screen, and the Big Five Personality Inventory. 
Please take some time to complete these surveys and let me know when you are ready for 
the next step.  
 
[Wait until participant is finished] 
 
Please take a moment to look at the Subject Units of Discomfort Scale.  I will be asking 
you to give me your Subject Units of Discomfort score throughout the scenario.  
 






Please have a seat on this chair as we need to adjust it to a height that is comfortable for 
you. You need to be able to place your feet on the ring and “walk” in a complete circle as 
this is how you turn in the virtual environment. Please make the adjustment and walk in 
circle.   
 
Next I will introduce you to the physiological sensors you will be wearing and the 
locations at which they will be worn. I will assist you in placing the sensors if desired or 
you can do this privately.  
 
[Show the participant the heart rate sensors and show an image the depicts 




[Show participant the respiration rate strap and explain how it is to be worn. It is to 
be worn on top of clothing.  Participant cannot wear a coat or jacket. Assist 






[Attach sensors to Bitalino. Attach Bitalino to participant pocket. Secure Bitalino 
cables to reduce noise.] 
 
This is the Oculus controller.  
 
The joystick [point to left joystick] will move you forward and backward. No buttons on 
the controller work. In order to turn you must turn your head and / or body by rotating the 
chair while moving forward or backward using the left controller. Don’t worry as you 
will have time to practice this in the virtual environment. You will see your hands as 
avatar hands in the virtual environment. Once you put on the headset, I will ask you to 
extend your hands so I can give you the controllers. 
 
Here is the Rift Headset 
[Hand participant the headset.] 
 
Starting from the back, put your headset on. If you’re wearing glasses, put the headset on 
from the front first. Tighten the side tabs and then top strap. The best placement is to try 
and align your pupils with the center of the lenses. To make the image as crisp as 
possible, move the rift up and down on your face until it looks good. Move the on-ear 
headphones down to your ears. If the image in your headset isn't clear, move the image 
slider on the right of the bottom of your headset. 
 
[Hand participant the headset. Assist in placement as needed.] 
 
I will now move the cable directly above your head so you can turn freely. Okay, good. 
Now please extend your arms so I can attach the controller wrist strap and hand you the 
controllers.  
 
[Put wrist straps around participant’s wrist and place in participant’s hand.] 
 
[Begin Unity Main Screen > Enter participant information > Select Garden] 
Next, you’ll be trained on how to use the system in a tranquil virtual garden. During your 
training you are encouraged to ask questions regarding using the system. Please practice 
navigation in the system for no less than three minutes and take a virtual walk around the 
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garden while we collect your baseline information. Walk to all four corners of the garden 
and take a look at the fountain in the middle.  You do not need to stay on the path. 
 
[Time participant. Once a minimum of two minutes have passed ask the next 
question.] 
 
Please rate your subjective units of discomfort on a scale from 0 to 100 where 0 is 
completely relaxed and 100 is the highest anxiety you have ever felt. 
 
Enter SUDs score ____________________ 
 
Once you feel you understand how to interact with the system, please let me know and 
we will move into the next portion of the scenario.  
 
[Stop the scenario > Run the Main Screen > Enter Participant Information > Select 
Group A or B] 
 
You are in Student Success Building at Wright State. During the scenario, you will see an 
arrow directing you on which way to travel.  Do you see the arrow? Please wait for 
instruction. 
 
I will verbally assign you a task, and you will follow the arrow to complete the task. To 
get accurate sensor readings, please limit discussion with me unless you are having a 
problem using the environment or giving me your subjective units of discomfort when 
prompted. During travel, you will see virtual objects and situations that you would 
encounter during the course of a regular day on a college campus. If you are spoken to by 
virtual actors, please interact as you would with an actual individual. Virtual objects are 
not moveable and cannot be carried along during the scenario. After you complete each 
task, pause until I have requested your subjective units of discomfort rating on a scale 
from 0 (relaxed) to 100 (extremely high anxiety) and then given you your next task. 
There will be a total of six tasks. 
 
Your first task is to find The Starry Night painting by Vincent Van Gogh. Please follow 
the arrow until you find it.  Once you see it, please walk up to it and pause at that 
location.  
 
[Wait until participant walks up to painting] 
 
Please rate your subjective units of discomfort on a scale from 0 to 100 where 0 is 
completely relaxed and 100 is the highest anxiety you have ever felt. 
 
Enter SUDs score ____________________ 
 
Your second task is to enter Classroom 1 and find a book on Photography. Please follow 





Please rate your subjective units of discomfort on a scale from 0 to 100 where 0 is 
completely relaxed and 100 is the highest anxiety you have ever felt. 
 
Enter SUDs score ____________________ 
Your third task is to find the restroom. Please follow the arrow and find it.  Once you see 
it, please walk up to it and pause at that location.  
 
Walk toward the main hall and pause.  
 
Please rate your subjective units of discomfort on a scale from 0 to 100. 
 
Enter SUDs score ____________________ 
 
Your fourth task is to find Classroom 2 and work the math problems on the screen. Please 
follow the arrow and find it.  Once you see math problems, please pause and read the 
answers out loud.  
 
Please rate your subjective units of discomfort on a scale from 0 to 100. 
 
Enter SUDs score ____________________ 
 
Your fifth task is to find Classroom 3 and check the info board. Please follow the arrow 
and find it.  Once you see info board, approach it and pause.  
 
Please rate your subjective units of discomfort on a scale from 0 to 100.  
 
Enter SUDs score ____________________ 
 
Your sixth task is to find the Auditorium and ask the students in the room to quiet down 
because the speaker is about to come in. Please follow the arrow, find the Auditorium, 
walk up to the front of the Auditorium and ask the students to quiet down and then pause.  
 
Please rate your subjective units of discomfort on a scale from 0 to 100. 
 
Enter SUDs score ____________________ 
 
Thank you! We will now remove all the equipment.   
 
Here is the simulator sickness questionnaire and the presence questionnaire.  
 
[Hand participant simulator sickness questionnaire and the presence questionnaire] 
 
Should you need any assistance now or in the future for any traumatic experiences you 




[Hand participant VA hotline card] 
 
I called them to understand what type of experience it would be, and I can tell you they 
are very nice and very helpful.  
 
Do you have any questions or comments? 
Thank you for your time! 
 
Experiment 2 
Pre-Study Setup (to be done prior to participants arriving) 
1. Remove all Hardware 
a. Setup sensors at least 3 feet apart 
b. Setup rear sensor to be in line with one of the front sensors 
c. Plug all sensors and Oculus into powered USB hub 
d. Plug headset into HDMI port 
2. Check that Onboard Bluetooth is off 
a. Open Device Manager 
b. Expand Bluetooth 
c. Ensure Intel Wireless Bluetooth is disabled 
i. If not, right click Intel Wireless and select Disable, say Yes 
ii. Generic Bluetooth should have no decoration icons 
iii. If decoration icons are present, unplug and plug Bluetooth dongle 
3. Turn on Bitalino 
a. Use switch on Bitalino to power on, look for LED to light 
4. Check Sensors 
a. Go to Bluetooth and Other Devices 
b. Look for “Other Devices” 
i. Check for paired Bitalino 
ii. Check for 3 Rift Sensors 
5. Check Bitalino COM Port 
a. Open Control Panel 
b. Select Devices and Printers, select Bitalino 
c. Double Click Services and verify COM3 
6. Setup Oculus Boundaries 
a. Open Oculus App 
b. Select to Configure Rift Boundaries 
c. Follow onscreen instructions 
7. Open Unity  
a. Select VA-Version-Dev-3rdPerson 
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b. Open Scenes Folder 
c. Double click Main_Menu Monitor Screen 
8. Wipe off Oculus Rift Lenses 
Study Script Outline 
1. Introduction 
2. Opening Questionnaires 
3. Equipment Setup 
a. Respiration Rate Monitor 
b. Heart Rate Sensors 
c. Oculus Touch Controllers 
d. Oculus Headset 
4. Training / Baseline 
a. Begin Unity Main Screen 
b. Enter participant information 
c. Select Garden 
d. Instruct participant using script 
e. End Training 
5. Task  
a. Begin Unity Main Screen 
b. Enter participant information  
c. Select either Group A or B 
d. Instruct participant using script A or B 




Study Script Details 
 
[Print this page to the end of the document to create a packet for each participant] 
Introduction 
Thank you for your willingness to participate in today’s study. My name is 
_______________. The goal of today’s session is to test a virtual environment so that we 
can obtain an understanding of how systems can be designed in the future to help those 
dealing with Post-Traumatic Stress. The entire process should take approximately 45 
minutes. This is not a test of your performance or abilities.  The purpose of this study is 
to understand specific major design components of virtual environments used to aid in 
treatment of post-traumatic stress disorder in military veterans. The results will help the 
research community understand how virtual environment design and interaction can be 
tailored for more effective performance in future systems.  We appreciate any comments 
and if you have questions, feel free to ask me. Your participation is completely voluntary, 
and you may withdraw at any time.  Your feedback is kept confidential; your name will 
not be associated with any comments or results.   
 
Please read over the informed consent document [Hand participant the IC document 
and ask them to read and sign] 
 
Do you have any questions for me before we get started? 
 
What is your age?________________ 
What is your occupation? 
M / F ? 
 
[Wait until participant is finished] 
 
Please take a moment to look at the Subject Units of Discomfort Scale.  I will be asking 
you to give me your Subject Units of Discomfort score throughout the scenario.  
 






If I were to ask you what your current SUD score is, what would you say? 
 
Enter SUDs score ____________________ 
 
Next I will introduce you to the physiological sensors you will be wearing and the 
locations at which they will be worn. I will assist you in placing the sensors if desired or 
you can do this privately.  
 
[Show the participant the heart rate sensors and show an image the depicts 




[Show participant the respiration rate strap and explain how it is to be worn. It is to 
be worn on top of clothing.  Participant cannot wear a coat or jacket. Assist 






[Attach sensors to Bitalino. Attach Bitalino to participant pocket. Secure Bitalino 
cables to reduce noise.] 
 
This is the Oculus controller.  
 
The joystick [point to left joystick] will move Ethan, your virtual actor through the 
environment. No buttons on the controller work. Don’t worry as you will have time to 
practice this in the virtual environment. You will see your hands as avatar hands in the 
virtual environment. Once you put on the headset, I will ask you to extend your hands so 
I can give you the controllers. 
 
Here is the Rift Headset 
[Hand participant the headset.] 
 
Starting from the back, put your headset on. If you’re wearing glasses, put the headset on 
from the front first. Tighten the side tabs and then top strap. The best placement is to try 
and align your pupils with the center of the lenses. To make the image as crisp as 
possible, move the rift up and down on your face until it looks good. Move the on-ear 
headphones down to your ears. If the image in your headset isn't clear, move the image 
slider on the right of the bottom of your headset. 
 
[Hand participant the headset. Assist in placement as needed.] 
 
Now please extend your arms so I can attach the controller wrist strap and hand you the 
controllers.  
 
[Put wrist straps around participant’s wrist and place in participant’s hand.] 
 
[Begin Unity Main Screen > Enter participant information > Select Garden] 
 
Similarly to last time, you’ll be trained on how to use the system in a tranquil virtual 
garden. In this experiment you will view the environment from a third person 
perspective. During your training you are encouraged to ask questions regarding using 
the system. Please practice navigation in the system for no less than three minutes and 
take a virtual walk around the garden while we collect your baseline information. Walk to 
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all four corners of the garden and take a look at the fountain in the middle.  You do not 
need to stay on the path. 
 
[Time participant. Once a minimum of two minutes have passed ask the next 
question.] 
 
Please rate your subjective units of discomfort on a scale from 0 to 100 where 0 is 
completely relaxed and 100 is the highest anxiety you have ever felt. 
 
Enter SUDs score ____________________ 
 
Once you feel you understand how to interact with the system, please let me know and 
we will move into the next portion of the scenario.  
 
[Stop the scenario > Run the Main Screen > Enter Participant Information > Select 
Group A or B] 
 
You are sitting in a room in front of a television. Your virtual actor, Ethan is in Student 
Success Building at Wright State. During the scenario, you will be controlling Ethan. 
You will see an arrow directing you on which way to travel.  Do you see the arrow? 
Please wait for instruction. 
 
I will verbally assign you a task, and you will have your virtual actor follow the arrow to 
complete the task. To get accurate sensor readings, please limit discussion with me unless 
you are having a problem using the environment or giving me your subjective units of 
discomfort when prompted. During travel, you will see virtual objects and situations that 
you would encounter during the course of a regular day on a college campus. Virtual 
objects are not moveable and cannot be carried along during the scenario. After you 
complete each task, pause until I have requested your subjective units of discomfort 
rating on a scale from 0 (relaxed) to 100 (extremely high anxiety) and then given you 
your next task. There will be a total of four tasks. 
 
Your first task is to find The Waterfall painting by MC Escher. Please follow the arrow 
until you find it.  Once you see it, please walk up to it and pause at that location.  
 
[Wait until participant walks up to painting] 
 
Please rate your subjective units of discomfort on a scale from 0 to 100 where 0 is 
completely relaxed and 100 is the highest anxiety you have ever felt. 
 
Enter SUDs score ____________________ 
 
Your second task is to enter Classroom 1 and find a book on Photography. Please follow 





Please rate your subjective units of discomfort on a scale from 0 to 100 where 0 is 
completely relaxed and 100 is the highest anxiety you have ever felt. 
 
Enter SUDs score ____________________ 
 
Your third task is to find Classroom 2 and the fire extinguisher. Please follow the arrow 
and find it.  Once you the fire extinguisher, please walk up to it and pause.  
 
Please rate your subjective units of discomfort on a scale from 0 to 100. 
 
Enter SUDs score ____________________ 
 
Your fourth task is to find the Auditorium and ask the students in the room to quiet down 
because the speaker is about to come in. Please follow the arrow, find the Auditorium, 
walk Ethan up the front of the Auditorium and ask the students to quiet down and then 
pause.  
 
Please rate your subjective units of discomfort on a scale from 0 to 100. 
 
Enter SUDs score ____________________ 
 
Thank you! We will now remove all the equipment.   
 
Here is the simulator sickness questionnaire and the presence questionnaire. After that is 
complete, we will take a few minutes to discuss your thoughts. 
 
[Hand participant simulator sickness questionnaire and the presence questionnaire] 
 
[Ask the following after completion] 
 


















If you were asked to choose between the two perspectives for PTSD treatment, which 







Should you need any assistance now or in the future for any traumatic experiences you 
are having trouble processing, please take this card for the VA hotline and call them.   
 
[Hand participant VA hotline card] 
 
I called them to understand what type of experience it would be, and I can tell you they 
are very nice and very helpful.  
 
Do you have any questions or comments? 





Appendix C. System Hardware Components  
Prostar Laptop 
 





Bitalino + Sensors 
 
 




Appendix D. Abbreviations  
CAPS - Clinician-Administered PTSD Scale  
DSM-5 - Diagnostic and Statistical Manual of Mental Disorders version 5 
ECG - Electrocardiogram 
EMDR - Eye Movement Desensitization and Reprocessing 
HR – Heart Rate 
HRV – Heart Rate Variability 
PSM – Physiological Status Monitoring  
PTSD – Post-Traumatic Stress Disorder 
PCL-5 – PTSD Checklist DSM-5 
RMSSD – Root Mean Square of the Successive Differences 
RR – Respiration Rate 
SUD – Subjective Units of Discomfort 
VE – Virtual Environment 
VRET – Virtual Reality Exposure Therapy 
VR – Virtual Reality 
